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Pellagra, a nutritional disease with no known diagnostic skeletal indicators, 
affected patients in the Mississippi State Insane Asylum (MSA) between 1909 and 1936. 
The current study employed a sample of the MSA’s death-by-discharge records 
(N=3445) and a skeletal sample (N=19) from the MSA cemetery to test whether co-
occurring alveolar bone loss and reduced bone remodeling in the skeletons can be 
associated with pellagra mortality in the records. Results of the study were inconclusive 
as to whether the co-occurring markers are associated with pellagra, but suggest that poor 
dietary conditions within the MSA, conditions prior to institutionalization, and age, sex, 
and duration in the asylum affected patients’ pellagra mortality outcomes. Future studies 
should employ larger skeletal samples to better understand pellagra’s effect on the 
skeleton. This study and the results of future studies may aid in relief efforts for refugee 
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Pellagra, a nutritional disease, has dramatically impacted populations across the 
globe throughout history and, potentially, throughout agricultural prehistory. Today, it is 
reported by medical and public health professionals in refugee, war-zone, and famine-
stricken populations (WHO 2000; Mason 2002), as well as in specific cases of severe 
malnutrition, such as anorexia nervosa and alcoholism (Prousky 2003; Wang and Liang 
2012). Characterized as a niacin and tryptophan deficiency, pellagra was first recorded in 
18th century Spain and was consistently observed in impoverished socioeconomic groups 
of 18th and 19th century Europe, apartheid South Africa, and the early 20th century 
southern United States. Known historic pellagra incidence within Europe, South Africa, 
and the United States during this time was directly associated with populations subsisting 
almost exclusively on corn (Goldberger et al. 1920b; Sydenstricker 1958). As such, its 
impact may stretch back to the first intensification of maize agriculture in the prehistoric 
Americas after approximately 9000 years BP (Piperno et al. 2009).  
Even though pellagra was first recognized in the mid-18th century (Etheridge 
1972), it has been addressed very little in bioarchaeology due to its lack of known 
diagnostic skeletal indicators. Studying patterns of skeletal markers that are not specific 
to pellagra but which pellagra may frequently generate in the skeleton, however, could 
enable researchers to tentatively identify the condition in skeletal material and estimate 
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its distribution throughout historic and prehistoric bioarchaeological samples. Two 
markers, reduced cortical bone remodeling and alveolar bone loss, have been proposed as 
being commonly found in cases of pellagra, based on studies of autopsied mid-to-late 20th 
century black South African individuals from the Raymond Dart Collection with 
antemortem clinical diagnoses of pellagra (Paine and Brenton 2006a; 2006b). Both of 
these markers were found to manifest more frequently and with greater severity in 
deceased pellagrins1 (Paine and Brenton 2006a; 2006b).  
There are a number of implications for identification of pellagra in the 
archaeological record. In certain cases, such as in the present study, when a skeletal 
sample of unidentified individuals is associated with patient records, being able to 
identify pellagra in the skeletal remains in conjunction with multiple other lines of 
evidence could help narrow down the identification of remains to a specific patient in the 
records. Differences in the estimated occurrences of pellagra between demographic 
groups in the bioarchaeological record, based on frequencies of the above skeletal 
markers, could indicate different patterns of food availability and distribution, which may 
be the result of culturally-regulated roles, or differences in physiological processes that 
affect pellagra risk relative to sex/gender or age (Brenton 2000). Furthermore, 
understanding whether pellagra affected demographic groups differentially in the past 
could inform contemporary public health policies and practice, helping medical relief 
workers to identify target groups in at-risk populations, including refugee communities, 
war-zone communities, and communities stricken by famine. Differential risks of 
                                                 
1 The term “pellagrins” will be used throughout the study to refer to individuals who suffered from and/or 
died of pellagra. 
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developing pellagra could be due to differences in sociocultural behaviors or biological 
characteristics that occurred between demographics. If such disparities in behavior and/or 
biology are demonstrated to be associated with differences in pellagra occurrence and 
mortality in past groups, it could indicate that the presence of similar differences in 
modern at-risk populations may be associated with greater odds of developing pellagra in 
some demographics relative to others. By taking this biocultural approach to 
understanding how and why pellagra occurred in the past, it is possible to apply the 
results of this study to modern at-risk populations.  
Problem Statement and Research Goals 
An epidemic of pellagra occurred in the American South between 1906 and 1945 
(Sydenstricker 1958). Primary documents, such as medical and epidemiological research 
publications and institutional records, indicate that during the epidemic, pellagra mostly 
occurred in socially marginalized and economically impoverished groups, such as 
sharecroppers, prison inmates, orphans, and mental asylum patients (Searcy 1907; 
Lavinder 1912; Goldberger 1914; Goldberger et al. 1920b). The proposed research 
investigates pellagra mortality in the historic Mississippi State Asylum (MSA) in Jackson 
MS (AD 1855-1935) during the southern epidemic through discharge-by-death records 
for several thousand patients (N=3445) and a skeletal sample of individuals (N=19) 
recovered from the MSA cemetery by Mississippi State University (MSU) in 2013 
(Herrmann et al. forthcoming) who, at this time, cannot be matched to individual patients 
in the death-by-discharge records.  
The study compares frequencies of pellagra mortality in a sample of the MSA’s 
death-by-discharge records between 1909 and 1936, spanning the first recorded case of 
 
4 
pellagra  through the last patients buried in the MSA cemetery that are documented in the 
sample, with frequencies of the co-occurrence of alveolar bone loss and reduced cortical 
bone remodeling in the skeletal sample. The goal of this research is to identify skeletal 
markers previously suggested to be associated with pellagra in the MSA skeletal sample 
and compare the frequency of their co-occurrence with the frequency of pellagra 
mortality in the MSA records to test their association. In part, this enables tentative 
estimation of whether these markers can be considered indicative of pellagra and 
therefore useful for identifying it in the bioarchaeological record. Anatomical samples 
with high frequencies of antemortem, clinically diagnosed cases of pellagra are relatively 
rare. The present study employs an archaeological skeletal sample of unknown 
individuals derived from an institutional setting that associated records indicate 
experienced high rates of pellagra mortality as an alternative method for assessing 
associations between the above skeletal markers and pellagra in the absence of 
antemortem clinical diagnoses. 
While alveolar bone loss and reduced bone remodeling have been analyzed 
separately in pellagrins by Paine and Brenton (2006a; 2006b), they have not been 
analyzed in combination with one another. Klaus (2015) suggests pellagra as a potential 
differential diagnosis along with scurvy in two case studies, but does not consider the co-
occurrence of alveolar bone loss and reduced cortical bone remodeling specifically. 
Neither do Brickley and Ives (2008) in their discussion of pellagra. Meyer (2014) 
incorporates pellagra into the overarching “metabolic disease” load in her study of 
Chinese indentured mine workers in South Africa, investigating all non-specific lesions 
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that are associated with metabolic diseases, including pellagra, but not singling specific 
skeletal markers out. 
Here, I evaluate whether alveolar bone loss and reduced bone remodeling rates 
co-occur in individuals in the skeletal sample and whether the frequency of their co-
occurrence is statistically related to the documented rate of pellagra mortality in the 
asylum. The presence of a relationship would suggest that their combination could be a 
potential indicator of pellagra. Additionally, determining whether the markers’ co-
occurrence follows suggested demographic patterns of pellagra mortality, specifically 
those related to sex and age, could further strengthen their suggested association with 
pellagra.  
It should be noted that alveolar bone loss and reduced bone remodeling also occur 
in other malnutrition diagnoses, including non-specific malnutrition, and with age 
(Martin and Armelagos 1985; Zipfel et al. 2001; Ortner 2003; Paine and Brenton 2006b; 
2006a; Weaver 2007; Ogden 2008; Larsen 2015). It cannot be specifically determined 
from the skeletal sample if the co-occurrence of markers is either malnutrition, pellagra, 
or pellagra in combination with other types of malnutrition that present non-specific 
skeletal indicators. However, the comparison of frequencies of co-occurrence overall and 
by sex and age demographics to those of pellagra mortality in the death-by-discharge 
records sample may help clarify this point: the presence of statistical similarities between 
the samples could suggest an association between the markers and pellagra in the MSA 
samples. Reduced bone remodeling identified by comparing histological age estimations 
to known age at death (Paine and Brenton 2006a) or by comparing histological age 
estimations to macroscopic age estimates, as is done in the current study, suggests that it 
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is not the product of age and, instead, is caused by extended periods of metabolic distress. 
In order for reduced bone remodeling to be visible and produce the dramatic differences 
Paine and Brenton (2006a) observed, rates had to have been reduced for a period of time, 
starting at a younger age and continuing through death, suggesting lack of direct 
association with age.  
Pellagra is suggested to differentially affect females and women in that they are at 
greater risk for the disease due to a synergism of biological and sociocultural factors 
(Jobling and Petersen 1916; Roberts 1920; Wilson 1921; Brenton 2000; Marks 2003). 
Although it is unclear in the primary clinical and epidemiological literature if specific 
ages are more at risk for pellagra, determining if the age pattern of co-occurring markers 
in the skeletal sample is similar to the age pattern of documented pellagra mortality in the 
death-by-discharge records sample would strengthen the suggested association. 
Additionally, comparing the frequency of co-occurring markers to pellagra mortality in 
different periods of patient duration within the asylum could also determine whether or 
not the markers are associated with pellagra.  
  This study contributes to anthropology’s continuing efforts to understand the 
nutritional impacts of agricultural intensification in prehistory (Cohen and Armelagos 
1984; Lambert 2000; Cohen and Crane-Kramer 2007), specifically by working to 
improve researchers’ ability to identify skeletal markers potentially indicative of pellagra, 
a nutritional disease directly associated with corn dependence. It can additionally aid 
relief efforts working with refugee and famine-affected populations, who experience a 
heightened risk of developing pellagra today due to their limited food availability and 
variety in terms of both calories and micronutrients (Mason 2002). By verifying 
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previously identified social and biological factors that contribute to pellagra 
development, such as differential sex and age risks as well as a potentially increased risk 
during the earlier periods of displacement, results of this study and future studies may 
help public health and relief workers develop or alter food programs to specifically target 
higher risk demographics, thereby supplementing the protocols to combat and prevent 
pellagra published by the WHO (2000). Future studies using the results presented here 
could determine the sensitivity or specificity of these indicators to pellagra using 
additional skeletal samples with known cases of pellagra. They could also test 
associations between frequencies of the disease and demographic features in other, larger 
skeletal samples to help identify pellagra’s culturally-mediated risk factors in past 
populations.  
 It should be noted that while social race is demonstrated to greatly impact pellagra 
morbidity and mortality due to social prejudice and marginalization of African American 
individuals in the early 20th century American South (Marks 2003; Davenport et al. 
2015), this study focuses only on sex and age demographics in the MSA death-by-
discharge records sample and skeletal sample. Multiple forensic methods have been 
developed to estimate ancestry from skeletal materials (Jantz and Ousley 2005; Hefner 
2009) and simplified social race designations (colored, white) are documented in the 
MSA patient records. A study conducted by Herrmann et al. (2016) estimated, using 
posterior probabilities generated by analysis of dental morphometrics and cranial 
macromorphoscopic traits of the MSA cemetery sample (N=67) to estimate ancestry, 
indicates that a majority of the cemetery sample and of the skeletal sample employed in 
this study (16 out of 19 individuals) is African American (“colored”). However, the 
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potential complications arising from the socially defined yet simplified racial 
designations in the historic records, which do not denote mixed race and may reflect 
ancestry inaccurately, and the ability of ancestry estimates from skeletal materials to 
account for this led the author to only consider sex and age in the study. 
Research Overview 
The following research questions were developed to pursue the goals of the study, 
which are to determine whether co-occurring alveolar bone loss and reduced bone 
remodeling in the skeleton can possibly be associated with documented pellagra mortality 
and to better understand pellagra mortality in the MSA overall, demographically, and 
relative to patient duration of stay. Hypotheses, presented later in the Research Design 
section of this study, were proposed and tested to answer these research questions, driven 
by historic research on pellagra during the epidemic in the American South to infer its 
sociocultural contexts and by previous skeletal studies on pellagra. The study 
incorporates macroscopic skeletal analysis, histological analysis, and the analysis of 
historic death-by-discharge records, providing a multiscale analysis to better understand 
pellagra as it occurred in the MSA and as it may affect the skeleton. 
Research Questions 
In order to address the primary objective of this study, which is to determine if the 
co-occurrence of alveolar bone loss and reduced bone remodeling in skeletal remains can 
be associated with documented pellagra mortality, five research questions were formed. 
When answered, these questions establish the heightened pellagra mortality risk and 
pellagra mortality patterns of the MSA patient population based on documented reports 
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of differential demographic risk for the disease in general. They establish the presence of 
the skeletal markers in question and their relationship to one another and to age and sex, 
and they establish whether or not the frequency and pattern of co-occurring skeletal 
markers are statistically related to the documented frequency and pattern of pellagra 
mortality.  
The study’s primary research question is: does the MSA skeletal sample present 
co-occurring skeletal markers known separately to occur more frequently and with 
greater severity in pellagrins that can be associated with pellagra mortality in the MSA’s 
death-by-discharge records? Five secondary research questions follow:  
1. How does the pellagra mortality relative to the number of pellagra cases 
for the study period as documented in the MSA’s death-by-discharge 
records sample (N=3445) compare to estimated pellagra mortality relative 
to incidence for the entire southern epidemic (1906-1945) as derived by 
historians from primary institutional and state epidemiological reports 
(Etheridge 1972; Bollet 1992)? 
2. In the MSA death-by-discharge records sample (N=3445), how do sex, 
age, and duration of stay affect pellagra mortality?  
3. Is there a relationship between skeletal markers associated with pellagra, 
specifically alveolar bone loss and reduced cortical bone remodeling, in 
the MSA skeletal sample (N=19)?  
4. Is there a relationship between the co-occurrence of alveolar bone loss and 
reduced bone remodeling and sex and age demographics in the skeletal 
sample?  
5. Is the frequency of co-occurring alveolar bone loss and reduced cortical 
bone remodeling in the skeletal sample (N=19) statistically associated 
with the frequency of pellagra mortality calculated from the MSA death-





A biocultural approach is taken to investigate and understand observed 
differential demographic patterns of pellagra mortality using historic sources and 
previous studies to provide sociocultural contexts affecting pellagra development and 
mortality in the American South and the MSA. As is demonstrated in the study and in 
previous studies of the disease, pellagra occurrence and mortality rates are greatly driven 
by sociocultural factors, mainly poverty and social marginalization which work together 
to negatively impact the biological health of individuals and groups. The development of 
pellagra as a result further impacts the sociocultural status of these individuals and 
groups, leading to a circular mechanism of declining health and increasing 
marginalization and poverty. Because of this inseparable interaction between pellagra and 
sociocultural conditions, a biocultural approach as described by Goodman and 
Leatherman (1998) underlies the development of the research questions and hypotheses 
used in the current study and facilitates the discussion of results, both regarding patterns 
of pellagra mortality in the death-by-discharge records and patterns of co-occurring 





Pellagra: An Overview 
Pellagra develops when the body is deficient in niacin, a part of the Vitamin B3 
complex, and tryptophan, an essential amino acid, both of which are available in animal 
protein food sources (Rajakumar 2000). Diets that increase the risk of developing 
pellagra often feature heavy consumption of corn and minimal consumption of protein 
(Goldberger 1914; Goldberger et al. 1920a). In the agricultural peasant communities of 
18th century Europe, black South Africans during apartheid, and impoverished 
agricultural and laborer communities in the early 20th century American South, corn was 
a ubiquitous and cheap food source. It was often the only source of food consistently 
available. In modern refugee groups, the lack of adequate nutrition in general, possibly 
compounded by the large amount of corn and the lack of adequate niacin and tryptophan 
rich foods in food baskets provided by relief programs leads to increased pellagra 
incidence (WHO 2000; Mason 2002).  
Corn contains niacin but the niacin is bound within the starch structure in such a 
way that it cannot be metabolized (Katz et al. 1974). Prehistoric Native American 
cultures are hypothesized to have prepared their maize by cooking it in an alkaline 
solution (Katz et al. 1974; Nations 1979; Wright 2005), a process that enhances the 
nutritional quality of corn by making niacin and protein in the corn biologically available. 
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This type of preparation process is known to have occurred in both historic and modern 
New World populations, but evidence of the process has yet to be definitively identified 
in the archaeological or bioarchaeological record, although it is implied through 
ethnographic analogy and through multiple experimental studies (Katz et al. 1974; 
Nations 1979; Beck 2001; Warinner and Tuross 2009; Wisseman 2010; Lovis et al. 2011; 
Dezendorf 2013; Ellwood et al. 2013; Upton et al. 2015). It is possible that pellagra may 
have occurred in prehistoric populations that did not incorporate alkali cooking into their 
maize preparation just as it did in historic populations that had not adopted alkali 
processing techniques (i.e. the early 20th century American South). Knowing that pellagra 
is one consequence of maize reliance in the absence of alkali processing, the results of 
this study may additionally contribute to future studies testing the extent and spread of 
alkali processing in various maize-dependent societies by introducing a bioarchaeological 
research element to supplement the archaeology. 
Symptoms of Pellagra  
 Pellagra’s symptoms are characterized by the “Four D’s”: dermatitis, diarrhea, 
dementia, and death (Goldberger et al. 1920a). Symptoms often also include significant 
weight loss (Marie 1910), but not every case manifests every symptom nor do symptoms 
occur in any particular order. Williams and Ramsden (2007) suggest that this 
inconsistency is the product of niacin deficiency’s effect on cellular metabolism. Niacin, 
a water-soluble Vitamin B3, is essential in the production of nicotinamide adenine 
dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP). Both of 
these molecules are key components in the manufacture of adenosine triphosphate (ATP), 
the body’s main source of energy (Williams and Ramsden 2007). It can be derived from 
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tryptophan if not readily available in the diet (Gropper and Smith 2013), but at a ratio of 
60 units of tryptophan to one unit of niacin, thereby requiring a significantly larger store 
of tryptophan in order to maintain requisite niacin levels. A reduction in niacin and 
concomitant reduction in tryptophan in the body results in an inability to produce 
adequate amounts of ATP. The resultant lack of energy leads to decline in cellular and 
tissue repair, accounting for pellagra’s symptoms (Williams and Ramsden 2007).  
Reduced energy reduces bone metabolism (Paine and Brenton 2006a; Williams 
and Ramsden 2007), the resultant brittleness of which has been reported in the bones of 
deceased pellagrins. Gillman and Gillman (1951) suggested that mineral imbalances in 
pellagrins produce a negative impact on bone remodeling rates, leading to osteoporosis. 
The decline in weight bearing physical activity due to lack of energy and weight loss 
(Marie 1910; Niles 1916) may also contribute to reduced cortical bone remodeling 
(Zipfel et al. 2001; Seibel 2007). Indeed, histological analysis by Paine and Brenton 
(2006a) of ribs of 10 pellagrin skeletons in a sample of 26 autopsied black South African 
individuals from the Raymond Dart Collection revealed a dramatic reduction in rates of 
cortical bone remodeling, further supporting the suggestion that pellagra can induce 
osteoporosis.  
Treatment of Pellagra 
Clinical and epidemiological studies have demonstrated that treatment of pellagra 
with dietary niacin or direct oral doses of niacin almost immediately reduces disease 
symptoms (Goldberger et al. 1923; Prousky 2003). Consistent treatment can cure the 
disease (WHO 2000) and dietary adjustment can prevent recurrence (Goldberger 1914; 
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Goldberger and Wheeler 1915; 1920; Goldberger et al. 1923). Prevention of the disease is 
dependent on consuming both niacin- and tryptophan-rich foods in an individual’s diet. 
History of Pellagra: Europe, Africa, and the American South 
Pellagra was first documented in Spain, Italy, and France during the 18th century 
(Marie 1910; Sydenstricker 1958). In these countries, pellagrins were severely 
impoverished agricultural workers who subsisted almost completely on corn 
(Sydenstricker 1958). In the early 20th century, Lavinder (1911) reported pellagra 
incidence in Romania, Hungary, and Egypt as well, where it was also consistently 
associated with poor laborers and cheap, readily available corn. Widespread cases of 
pellagra were reported in the U.S. during the early 20th century, particularly in 
economically depressed Southern states (Lavinder 1912; Goldberger 1914) whose 
workforce consisted of extremely impoverished and marginalized laborers, agricultural 
workers, sharecroppers, and tenant farmers for whom corn was the most affordable food 
source. Pellagra additionally impacted apartheid-era South Africa from 1906 continuing 
into the late 1990s as a direct result of racial discrimination leading to poverty. 
Epidemiological studies in both the United States and South Africa attributed these cases 
of pellagra to extreme poverty, social marginalization, and corn-based diets.  
Corn, Poverty, and Pellagra 
Corn, poverty, and social marginalization appear to be the three most common 
factors when considering similarities between pellagra in 18th and 19th century Europe, 
apartheid South Africa, and the turn of the century American South. Peasants in Europe 
consumed corn-based foods, such as polenta, because that is what they grew and, thus, 
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was most readily available to them for the lowest cost (Sydenstricker 1958). In apartheid 
and even pre-apartheid era South Africa, pellagra is documented to occur most often in 
native occupants of prison camps formed as a result of native rebellions and colored 
individuals relegated to city slums and prisons (Cluver 1929; Gillman and Gillman 1951; 
Brenton 1998). For these individuals, corn was cheap and maybe one of the only 
consistently available dietary staples as a result of racial and social marginalization and 
resultant poverty. Cluver (1929) presents a breakdown of prisoner diet, indicating that 
native South African prisoners in military prison camps were provided with significantly 
higher rations of “mealies” (corn) and much fewer of sugar or fat and some vegetables. 
European and some colored (Eurafrican) prisoners diets also received “mealies” rations, 
but their diets, unlike those of native prisoners, were supplemented with smaller rations 
of meat, cheese, beans, and wheat bread, all of which contain either niacin or tryptophan, 
proving differential treatment based on social race designations. As a result, pellagra rates 
were higher in native prisoners than in European or Eurafrican prisoners.  
The American South at the beginning of the 20th century experienced Jim Crow 
laws which, much like apartheid in South Africa, marginalized and consequently 
impoverished African American individuals (Etheridge 1972). Corn had, at this point, 
become an abundant cash crop for much of the Midwest while cotton was the cash crop 
for the South, which grew almost no food crops. As a result, poor and black 
sharecroppers and agricultural laborers could not grow their own food in the cotton fields 
where they worked, so their diets were dependent on cheap corn imported from the 
Midwest, fatty meat (which contains little to no tryptophan or niacin), and molasses 
(Etheridge 1972). The inability to buy or grow better food, the racial and social 
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marginalization of African American southerners that limited an individual’s 
employment opportunities to sharecropping and/or labor, and the economic dependency 
of the South on cotton agriculture contributed to the development of pellagra in the 20th 
century South, which was strongly linked to poverty and a corn-dependent diet.  
Compounding pellagra’s association with poverty and marginalization was what 
Niles (1912) described as “pellagraphobia”, in which individuals suffering from pellagra 
were ostracized, ignored, or possibly even pushed out of their communities because of 
the stigmatizing nature of pellagra’s symptoms and the fear surrounding the disease. This 
stigmatization furthered the marginalization of pellagrins by limiting their access to non-
corn food and sometimes medical treatment, as was described in Nashville, Tennessee 
when pellagra cases were refused admission to most hospitals (Jobling and Petersen 
1916). The fear and stigma most likely exacerbated the progression of the disease, 
especially with the refusal of treatment.  
Stigmatization of pellagra may have led individuals and their family members to 
ignore diagnoses or avoid actually being diagnosed with pellagra if they had it to avoid 
the stigma, possibly leading to exacerbation of the disease. The stigma associated with 
pellagra also likely led to increased admissions to mental institutions, such as the MSA, 
for individuals with pellagra where marginalized and socially deviant individuals were 
often sent in addition to individuals with actual mental disease diagnoses (Stockman and 
Johnson 1933; Scull 1977). Because pellagra was so feared, little understood, and 
widespread at the time, there is a chance it became a “catch-all” diagnosis in hospitals 
and in asylums such as the MSA, leading to pellagra diagnoses in individuals who did not 
actually have pellagra but another type of dementia or nutritional disease. Doctors may 
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have thought it easier to just provide a diagnosis of pellagra rather than taking time to 
provide a more refined diagnosis, since there was a chance that the disease actually was 
pellagra without the presentation of diagnostic dermatitis lesions, which can occur (Hegyi 
et al. 2004; Williams and Ramsden 2007). 
While Europe, South Africa, and the southern United States are possibly the three 
best documented and best investigated historic pellagra endemics/epidemics, the 
commonality of corn and poverty suggests that there is the possibility of pellagra 
occurring anywhere in the world where poverty and marginalization limits the ability to 
acquire adequate nutrition. The WHO (2000) and Mason (2002) discuss occurrences of 
pellagra and severe malnutrition in populations of displaced peoples or communities in a 
state of emergency, mostly in Nepal, Malawi, Mozambique, Angola, Thailand, Somalia, 
the Sudan. Both authors blame not only the social and cultural marginalization that comes 
with population displacement as increasing risk of pellagra and other nutritional diseases, 
but also address problems regarding low micronutrient density in food programs 
implemented by public health and relief groups that increased disease incidence. With the 
current global refugee crisis resulting from the Syrian conflict, both within the Syrian 
war-zone and in the countries where refugees are fleeing, there may be increased risk for 
pellagra development if refugees are not able to include niacin and tryptophan rich foods 
in their diets. 
Pellagra in the early 20th Century American South 
The first cases of pellagra in the U.S. were reported in Georgia in 1902 (Harris 
1902). Soon after, pellagra diagnoses were reported throughout the South. This was likely 
a result of poor nutritional and economic conditions experienced by the southern 
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agricultural labor force, which included sharecroppers and tenant farmers. Importantly, 
much of the population of the South was employed in agricultural labor in the early 20th 
century, placing many at risk of pellagra (Sydenstricker 1958; Bollet 1992).  
Between 1907 and 1911, Lavinder (1912) reports that 25,000 cases of pellagra 
were diagnosed throughout the U.S., most of which were clustered in southern states. 
Between 1906 and 1908, the rising number of pellagra cases reported had been 
recognized as constituting an epidemic. Bollet (1992) estimates in retrospect that between 
1906 and 1945, national incidence was three million cases with a mortality rate of 
approximately three percent; the reported incidence and mortality of the southern states 
constituted 90% of the national rate, with Southern specific pellagra mortality being 40% 
of incidence. Lavinder (1912), however, is quick to lament that the morbidity and 
mortality data reported by each state, particularly in the South, is most likely a woeful 
underestimate of the actual data. Many of the places experiencing the highest pellagra 
morbidity and mortality between 1906 and 1912 fell outside of the “registration area” for 
the U.S. Census Bureau’s reported statistics and the accuracy of reporting by hospitals 
and general practitioners was suspect. Additionally, the stigmatization of pellagra and 
fear surrounding it may have led to individuals or family members of individuals to hide, 
lie about, or avoid diagnosing pellagra, as is demonstrated to have occurred with syphilis 
(Siena 2001). As a result, incidence and mortality for pellagra may be higher than what is 
currently known, both in the South and on a national level. By 1912, following a 
worrying increasing trend in pellagra incidence and mortality throughout the American 
South, multiple epidemiological studies were privately and federally funded to identify 
the causes and develop a treatment for the disease (Etheridge 1972). 
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Discovery of the Causes of Pellagra 
Two different epidemiological studies were conducted starting in 1912 to identify 
the cause of pellagra. The privately funded Thompson-McFadden Commission 
determined that pellagra was infectious in nature and unrelated to corn consumption 
based on their studies of pellagra in households of Spartanburg, South Carolina (Siler et 
al. 1914b; 1914a). Dr. Joseph Goldberger’s study commissioned by the U.S. Public 
Health Service studied pellagra incidence in multiple institutional as well as non-
institutional settings to determine its non-infectious etiology, thereby debunking the 
results of the Thompson-McFadden Commission. Instead, Goldberger and his colleagues 
determined pellagra to be the product of an inadequate diet (Goldberger 1914; 
Goldberger and Wheeler 1915; Goldberger et al. 1920c; 1920a).  
Goldberger began by studying pellagra cases in mental hospitals throughout the 
South. The first reports of significant numbers of pellagra cases, indicating the beginning 
of an epidemic, came from state mental hospitals in Alabama and South Carolina as well 
as orphanages and other state institutions beginning in 1907 (Etheridge 1972). Many 
pellagra cases were admitted to asylums (Stockman and Johnson 1933), most likely as a 
consequence of pellagra-associated dementia, but many cases developed during the 
course of institutionalization, leading to questions of what exactly caused the disease and 
how institutional duration potentially affected the disease risk. For instance, Searcy 
(1907), the superintendent of the Mount Vernon Insane Hospital in Alabama, reports that 
67% of the 88 pellagra cases in the Mount Vernon Insane Hospital in Alabama in 1907 
most likely developed within the asylum.  
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Goldberger (1914) also observed that many pellagra cases observed in mental 
hospitals developed after a period of institutionalization, adding to those cases which 
were diagnosed upon admittance. He surmised that this could have been a result of 
dietary conditions within the institution, which may contribute to an effect of institutional 
duration on pellagra mortality. He noted that although asylum patients and their 
attendants all live in the institution and are in constant contact under very similar living 
conditions, only patients developed pellagra. The only logical explanation for this pattern 
lay in the differences in diet between patients and attendants. Attendants were provided 
with or supplemented their diets with a wider variety of foods including fresh eggs, meat, 
and dairy—similar to the diets of wealthier individuals outside of the institution—while 
patients diets consisted mainly of corn and vegetables (Goldberger et al. 1915). 
Goldberger (1914) even suggested that in instances where nurses and attendants shared 
food with patients, they were given first preference and, therefore, chose the best food 
and greatest variety for themselves, leaving the remaining food for the patients. 
Testing his hypothesis that diet, particularly diets low in animal protein and high 
in corn, influenced pellagra development, Goldberger conducted multiple studies on 
orphans, prison inmates, and asylum patients that attempted to cause and cure pellagra 
through diet (Goldberger et al. 1915; Goldberger and Wheeler 1915; 1920; Goldberger et 
al. 1923). All of his studies confirmed that by replacing corn products with wheat, eggs, 
meat, dairy, and legumes, pellagra could be cured and prevented. Moving outside of an 
institutional context, Goldberger and Sydenstricker (1920) and Goldberger et al. (1920c; 
1920a) determined that pellagra incidence was driven by a synergism between poverty 
and diet by observing the relationship between low household income and pellagra 
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producing diets in laborer communities in Kentucky, South Carolina, and Georgia. As a 
result, both corn-based diets and poverty were determined to be the proximate and 
ultimate causes of the disease, respectively, fitting with the observed association of 
pellagra with corn and poverty in Europe and South Africa prior to and during the early 
20th century.  
Goldberger continued to study pellagra preventative diets in hopes of identifying 
the nutritional factor in the diets that actually prevents disease development (Goldberger 
and Tanner 1922; Goldberger and Tanner 1925; Goldberger et al. 1926). Yeast, lean 
meat, eggs, and milk were determined to be the most effective at preventing and curing 
pellagra, thereby containing what Goldberger began to call the “Pellagra Preventive” or 
“P-P” factor, which he hypothesized to be either an essential amino acid or a part of the 
Vitamin B complex (Goldberger et al. 1926). Studies later determined the preventative 
factor to be niacin (Elvehjem 1937), which has very low bioavailability in corn but high 
bioavailability in yeast and fresh animal products. 
Pellagra Eradication in the Southern United States 
By 1945, as a result of Goldberger’s and his colleagues’ studies and the 
identification of the “P-P” factor as niacin, pellagra incidence in the South had declined, 
aided by the widespread implementation of preventative measures (Rajakumar 2000). 
These measures included yeast ration distributions by the Red Cross after the Mississippi 
River flood in 1927 to prevent a spike in pellagra incidence in areas affected by the flood 
(Goldberger and Sydenstricker 1927), economic improvements on both an individual, 
state, and regional level following a spike in employment opportunities during war-time, 
and public health efforts stemming from WWII (Rajakumar 2000). Public health efforts 
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included the launch of awareness campaigns emphasizing nutritional health through 
victory gardens, a push for agricultural diversification to move away from monocrop 
agriculture (Rajakumar 2000), and a national food fortification program implemented by 
the Food and Nutrition Board in 1941 that enriched flour with essential vitamins, 
including niacin (Park et al. 2000). Store-bought, enriched flour sold in United States 
grocery stores today is still fortified with niacin, as well as iron and folic acid, as a result 
of this fortification program to prevent nutritional diseases. As a result of these measures, 
by the end of WWII, pellagra had all but disappeared from the U.S. (Rajakumar 2000).  
Differential Pellagra Risk 
While Goldberger and his colleagues had worked to determine the causes of 
pellagra, little effort seems to have been made to understand differential risks of 
developing pellagra relative to sex and gender or age, aside from stating that they occur 
and providing cursory explanations. Marks (2003) suggests this is due to the 
epidemiological research methods of the early 20th century, where focus was laid more on 
identifying the overall causes of pellagra rather than demographic differences in the 
diseases occurrence and mortality. Biological and social factors, however, are discussed 
below in terms of their potential influence on pellagra development and mortality.  
Sex and Gender 
Miller (1978) notes that the historic pellagra mortality data from the Vital 
Statistics of the United States between 1920 and 1960 indicates that female pellagra 
mortality was twice that of males, consistent with observations reported by Goldberger 
and Sydenstricker (1920). Additionally, contemporary (early 20th century) reports on 
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pellagra in the South mention that women in impoverished agricultural and labor 
communities were more at risk of developing pellagra than men as a result of their roles 
in the home, which impacted their diets (Jobling and Petersen 1916; Roberts 1920; 
Wilson 1921). No primary sources recovered for this study, however, further explore the 
pattern.  
According to anthropologists (Brenton 2000), nutritionists (Miller 1978), and 
historians (Etheridge 1972; Marks 2003), women and females were more at risk of 
developing pellagra than men and males based on a combination of observed southern 
gendered behaviors of the time and biological sex factors. Relative to gender, these 
potentially include women’s role in food acquisition and preparation, when they ate 
compared to the men and children in a family setting (Brenton 2000; Marks 2003), and 
what they ate. Women in the family were often in charge of buying food and preparing 
the family’s meals; in the south, poor women were more likely to buy and prepare corn 
(low niacin, no tryptophan), bacon (high fat, low tryptophan), and molasses (no niacin, no 
tryptophan) because it was cheap and available (Etheridge 1972; Brenton 2000). Because 
the men of the family were often the primary source of income, they may have been 
served the “best” food first during meals, while children were often given the highest 
protein foods, such as milk. Women often ate last and whatever was left after the rest of 
the family ate, which may not have been much in terms of quantity, quality, or variety 
(Etheridge 1972).  
Relative to biological sex, females may be more at risk for developing and dying 
of pellagra as a result of hormone interference in the tryptophan to niacin conversion 
cycle. Niacin can be produced from tryptophan that is consumed or stored in the body at 
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a ratio of 60:1 (tryptophan: niacin) if niacin is not being consumed at the requisite levels 
for ATP production. It is demonstrated by multiple studies that high levels of estrogen, 
such as those in females between the ages of menarche and menopause, can impede or 
inhibit this conversion (Bender and Totoe 1984; Wolf 1997; Brenton 2000). If women are 
not consuming enough niacin in their diets, their bodies cannot synthesize it from 
tryptophan stores due to the presence of estrogen, leading to a significantly heightened 
risk of developing pellagra. 
Importantly, the literature review for this study recovered no primary source that 
differentiated between the designation of sex and gender in the early 20th century South, 
either overall or when reporting on pellagra. This potentially indicates that sex and 
gender terms and concepts were used interchangeably in medical and epidemiological 
descriptions and analyses of pellagra during the southern epidemic. This complicates the 
use of these documents, since there are gender roles and social impacts to an individual’s 
pellagra risk as well as biological risk related to sex, making it difficult to interpret 
whether results of the study may due to gender effects of pellagra risk or biological 
effects of pellagra risk or both. To accommodate this ambiguity, “sex”, as used in this 
study, refers to the male or female biological sex of individuals, which can be identified 
in the skeleton and is what is most likely recorded in the MSA’s death-by-discharge 
records, due to the medical nature of the institution. “Gender” refers to the identity of 
individuals as defined by their engendered cultural roles (man, woman, etc.) (Ortner and 
Whitehead 1981), which, in the context of this study, was not identified due to lack of 
appropriate context with which to interpret the gender of patients in the death-by-
discharge records or individuals in the skeletal sample. Instead, gender and biological sex 
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are discussed as two separate factors that may contribute to pellagra development and 
pellagra mortality of each individual.  
Age 
The primary literature reviewed for this study did not clearly discuss differential 
age risk for pellagra and, when age is mentioned, reports are contradictory. Goldberger 
and Sydenstricker (1920) suggest that pellagra incidence was  higher in children under 
the age of fifteen in their 1916 study of rural laborer communities in South Carolina  
while Jobling and Petersen (1916) noted that children in Nashville, Tennessee between 
1913 and 1915 were less susceptible to pellagra than adults. Neither provide an 
explanation for why these opposing patterns were observed.  
More generally, multiple studies focused on age, nutrition, and risk of disease 
consistently indicate that children and the elderly are the most socially and biologically 
vulnerable members within a society with regards to malnutrition and infection. This risk 
is often as a result of their respective dependency on other members of society combined 
with greater immune frailty (Burkhauser and Duncan 1987; Scrimshaw 2003; Katona and 
Katona-Apte 2008). In children, this may be due to poor nutrition on part of the mother 
during breast feeding, leading to inadequate nutrition for the child, which impedes 
immune system growth and impacts the child’s ability to fight disease (Katona and 
Katona-Apte 2008). In the elderly, it is most likely due to the economic vulnerability of 
individuals who may no longer have a stable income and may be more isolated from 
society (Burkhauser and Duncan 1987). This vulnerability leads to an inability to ensure 
proper nutrition, thereby impacting their immunocompetence which has already been 
undermined by aging processes (Scrimshaw 2003; Katona and Katona-Apte 2008).  
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Disease patterns for pellagra, however, as for any disease that is influenced by 
social and cultural identities, are ambiguous. While the epidemiological reports and 
medical and sociological literature presented above provide what could be thought as a 
straightforward pattern of greater female risk and potential greater risk for children and 
the elderly, oral histories of pellagra indicate that social identities and behaviors may 
have buffered high risk individuals from developing pellagra. For instance, a descendant 
of one of the individuals who was institutionalized and buried at the MSA reported that 
his great-grandfather, John Benedict Whitfield, developed pellagra in 1932 and died of it 
in the same year while institutionalized at the MSA. Whitfield moved with his family to 
the Mississippi Delta in 1928, but the family fell into progressively more dire straits, 
reaching the brink of starvation. To avoid having his wife and children develop pellagra 
or starve to death, Whitfield restricted himself to a corn-based diet, saving more 
nutritious food for the rest of his family. He developed dementia, was involuntarily 
institutionalized at the MSA, and died of the condition within two weeks of admission 
(James Lee 2014 personal communication).  
Cultural and social behavior, therefore, may shield those who are at a greater risk 
for pellagra, thereby balancing risk due to age or sex. The current study’s focus on sex 
and age is due to data restrictions considering the comparison of skeletal data, from 
which sex and age can be estimated, and death-by-discharge records. As such, the 
hypotheses for the study are driven by reported patterns, or lack thereof, of pellagra 
mortality relative to sex and age in order to determine if these patterns hold. It is, 
however, out of necessity an oversimplification of the complexity of a disease whose 
ultimate etiology is socially driven and, therefore, subject to individual social behaviors. 
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Pellagra occurrence can be dramatically affected by social behaviors described in its oral 
history that could buffer the seemingly straightforward disease patterns. This possibility 
will be addressed in the discussion of results, but do not drive the hypotheses for the 
study. 
Duration of Stay 
Goldberger’s (1914) association of diet to pellagra incidence initially occurred 
after observing the development of pellagra after a period of duration in the MSA and 
other southern asylums. Because diet has the potential to cause pellagra, patients who 
have been institutionalized past the time it takes to develop pellagra, which Goldberger 
and Wheeler (1920) demonstrate to be 6 months or less, may be at higher risk than newly 
admitted, non-pellagrin patients. Duration of stay risk may vary by individual, however, 
based on health and nutritional status upon admittance to the asylum. Individuals entering 
with poor nutritional status but not with pellagra may develop it faster than individuals 
entering with better health. Individuals admitted with pellagra, however, may die much 
faster than individuals admitted for other causes as a result of niacin and tryptophan-
deficient diets within the asylum, which would exacerbate and speed up the progression 
of the disease. 
Pellagra in Bioarchaeology 
To date, only one skeletal sample with documented pellagrins has been studied: 
The Raymond Dart Collection in South Africa. Paine and Brenton conducted two 
different studies on a subsample of 20th century autopsied black South African 
individuals. The first study histologically analyzed rib sections of 26 individuals, 10 of 
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whom were clinically diagnosed with pellagra prior to death, comparing histological age 
estimations with known age at death. Results indicated that pellagrins in the sample 
experienced a dramatic reduction in bone remodeling rates relative to their age at death 
(Paine and Brenton 2006a). The authors conducted histological age estimation from rib 
sections using the age estimation regression equation developed by Stout and Paine 
(1992) to compare to known age at death. Reduced bone remodeling rates in the ribs were 
identified when histological estimates consistently under-estimated recorded age at death 
of pellagrins by an average of 36.7 years, compared to an average of 24.4 years in the 
general malnutrition sub-sample.  
The second study (Paine and Brenton 2006b) analyzed skeletons of 34 autopsied 
black South African individuals with antemortem clinical diagnoses of pellagra (14), 
scurvy (2), beri beri (1), and non-specific malnutrition (17) for several skeletal indicators, 
based on the association of these indicators with maize reliance in prehistoric 
bioarchaeological samples. These included periosteal lesions of the lower leg, alveolar 
bone loss, dental caries, cranial porosity, dental abscesses, and rib cortical area 
measurements. Pellagrins in the sample presented average rib cortical area measurements 
of 13.6 square millimeters (mm²), compared to an average of 17.49 mm² in individuals 
with non-specific malnutrition and 24.4mm² for individuals with scurvy. The smaller 
cortical area relates directly to the demonstrated reduction in bone remodeling rates in 
their previous study: if bone is not able to remodel in the normal way, as discussed 
below, it can lead to a smaller than usual cortical area. Pellagrins also exhibited an 
increase in severity of alveolar bone loss: 0.5 cm on average compared to 0.38 cm in 
cases of non-specific malnutrition. Periosteal lesions on the lower leg were identified in 
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71% of pellagrins, compared to 58% in non-specific malnutrition; 35% of pellagrins had 
dental caries while 50% of the non-specific malnutrition sample had dental caries. Only 
28.5% of pellagrins presented cranial porosity or cribra orbitalia, compared to 50% of 
non-specific malnutrition cases, and 42.8% of pellagrins present periapical abscesses 
compared to 50% of non-specific malnutrition cases. Based on Paine and Brenton 
(2006b; 2006a), it seems that pellagrins were more likely to develop periosteal lesions on 
their tibiae and fibulae, experience a greater loss of alveolar bone, and present a more 
dramatically reduced rib cortical area—directly linked to the demonstrated reduction in 
the rate of bone remodeling that affected histological age estimates—than individuals 
with non-specific malnutrition.  
Of other bioarchaeological studies using Paine and Brenton’s (2006a; 2006b) 
findings to specifically discuss pellagra as a potential differential diagnosis (Brickley and 
Ives 2008; Klaus 2015), one study demonstrates the use of their results to compare 
pathological marker frequencies of pellagrins in the Raymond Dart Collection to non-
specific markers in a skeletal sample with unknown identities or cause of death. In her 
unpublished master’s thesis, Meyer (2014) uses Paine and Brenton’s (2006b) results 
along with other non-specific skeletal indicators of malnutrition to provide an assessment 
of metabolic bone disease in an archaeological sample of Chinese indentured miners in 
Witwatersrand, South Africa. She compared frequencies of non-specific skeletal lesions 
associated with metabolic diseases such as iron-deficiency anemia, scurvy, rickets, 
pellagra, and beri beri in the Chinese skeletal sample to a sample of individuals from the 
Raymond Dart Collection with recorded metabolic diseases and malnutrition, including 
pellagra. Meyer determined that the type and frequency of lesions throughout the Chinese 
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sample fit most closely with the type and frequency of lesions observed in pellagrins and 
individuals who suffered from alcoholism in the Raymond Dart Collection, although 
many of the lesions also occur the other diseases as well. Meyer (2014) did not, however, 
attempt to associate specific lesions with pellagra occurrence.  
Working off of Paine and Brenton’s (2006a; 2006b) results in a similar fashion as 
Meyer (2014), the current study focuses on identifying reduced cortical bone remodeling 
and alveolar bone loss in the MSA skeletal sample (N=19) to test if their co-occurrence in 
a sample of unknown individuals can be statistically associated with documented pellagra 
mortality in the MSA records sample. While it would appear that periosteal lesions may 
be good indicators of pellagra in the MSA sample (Paine and Brenton 2006b), the 
preservation quality of tibiae and fibulae in the skeletons limits observation of cortical 
bone where lesions would be; as a result, the study does not include an analysis of 
periosteal lesions. The other lesions analyzed by Paine and Brenton (2006b) are less 
frequent in pellagrins than in non-specific malnutrition and, therefore, are not analyzed in 
the study.  
It should be noted that, even though Paine and Brenton (2006a; 2006b) associated 
all of these lesions with pellagrins, they also occur in other diseases and cases of non-
specific malnutrition. They cannot be considered diagnostic of any one disease. Knowing 
how frequently and to what severity they appear in diagnosed cases of pellagra, however, 
may help identify certain patterns of the skeletal markers—such as a co-occurrence of 
alveolar bone loss and reduced bone remodeling—that could potentially lead to a stronger 
association with pellagra. Refined estimates of the association between co-occurring 
markers and pellagra mortality could be accomplished by calculating posterior 
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probabilities using a Bayesian model (Konigsberg and Frankenberg 2013), although this 
is not done for the current study. 
Unlike Paine and Brenton (2006b; 2006a) and Meyer (2014), the current study 
does not have a skeletal sample from an anatomical collection with known pellagra 
diagnoses to which frequencies of skeletal markers can be compared. Instead, the study 
uses pellagra mortality documented in patient death-by-discharge records to try to 
determine if co-occurring markers, both of which are identified as occurring more 
frequently and with greater severity in cases of pellagra, can be statistically associated 
with the frequency of pellagra mortality. As a result, the study is dependent on Paine and 
Brenton’s (2006a; 2006b) findings, but attempts to build upon them for future studies.  
Alveolar Bone Loss and Cortical Bone Area as Macroscopic Indicators of 
Malnutrition 
Alveolar bone loss and reduced cortical area, identified by Paine and Brenton 
(2006b) as being associated with pellagra, are macroscopic skeletal markers often 
associated with  malnutrition in dry bone (Ortner 2003). Reduced cortical bone area 
occurs when there is an imbalance between processes of bone remodeling leading to 
increased resorption and decreased deposition (Ortner 2003). This imbalance in 
remodeling and absorption directly affects the histological appearance of bone as well, 
affecting age estimates due to reductions in the rate of bone remodeling as demonstrated 
by Paine and Brenton (2006a). Osteoporosis—indicated by a reduction in cortical bone 
area resulting from this imbalance—can develop as a result of severe malnutrition and is 
recorded in cases of anorexia nervosa and pellagra (Gillman and Gillman 1951; Zipfel et 
al. 2001; Paine and Brenton 2006a; 2006b; Seibel 2007). A smaller than expected cortical 
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bone area resulting from remodeling and resorption imbalances due to osteoporosis may 
also be associated with a reduction in bone remodeling resulting from malnutrition-
induced osteoporosis. 
Alveolar bone loss, a direct result of periodontal disease, is associated with 
localized and systemic infection as well as malnutrition. Periodontal disease, 
inflammation of the gums caused by the body’s heightened immune response to bacteria 
in dental plaque deposits, causes alveolar bone loss from osteoclastic activity as a result 
of inflammation (Grossi et al. 1995; Cochran 2008; Larsen 2015). Periodontal disease, 
and its resultant bone loss, has multiple pathological etiologies, among which include 
nutritional deficiencies and hypovitaminosis (vitamin deficiency) in addition to systemic 
infection (Ridgeway 2000). Alveolar bone loss associated with periodontal disease is also 
related to tooth loss, as the  destruction of alveolar bone prevents tooth retention within 
the socket, leading to ante-mortem tooth loss and eventual resorption of the socket 
(Hillson 1979). Alveolar bone loss can also be caused by age-related dental attrition, 
leading to compensatory tooth eruption, and age-related periodontal disease (Ogden 
2008), which cannot be ruled out without a comparison to known age-at death or 
macroscopically estimated age. Alveolar bone loss in association with porosity indicative 
of periodontal disease is analyzed in this study as a potential indicator for malnutrition 
and pellagra.  
Bone Remodeling and Histological Age Estimation 
Pellagra is suggested in multiple studies (Marie 1910; Gillman and Gillman 1951; 
Paine and Brenton 2006a) to impact bone remodeling processes by reducing the rate at 
which bone remodels, thereby potentially causing osteoporosis as bone is resorbed but is 
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not being regenerated to balance resorption. Osteoporosis and reduced bone remodeling 
rates are also associated with non-specific and more widespread malnutrition or 
nutritional deficiencies (Martin and Armelagos 1985; Rizzoli 2008), such as anorexia 
nervosa (Herzog et al. 1993; Zipfel et al. 2001; Seibel 2007) and are linked to poor 
nutrition or nutritional stress in infancy, childhood, and adolescence (Weaver 2007; 
Armelagos et al. 2009; Pervanidou and Chrousos 2012). Because reduced bone 
remodeling rates are not specific to pellagra, the current study analyzes its occurrence in 
combination with alveolar bone loss, which is also observed in pellagrins.  
The combination of both indicators may help differentiate between non-specific 
malnutrition and pellagra. As discussed previously, Paine and Brenton (2006b; 2006a) 
found reduced bone remodeling and alveolar bone loss to be dramatically more severe in 
pellagrins than in cases of non-specific malnutrition, potentially suggesting that pellagra 
has a more dramatic negative impact on the processes of bone remodeling. Recurring 
events or continuous nutritional stress across the life-course, either recurring pellagra or 
other episodes of malnutrition beginning from a young age, most likely produce the 
reduction in bone remodeling analyzed in the current study, thereby indicating that it is 
not the product of increasing age itself but instead of metabolic insult. The non-
specificity of the indicators make it difficult, however, without an association with 
documented pellagra mortality as is tested the current study using death-by-discharge 
records from the MSA, to differentiate pellagra from other malnutrition.  
Bone tissue remodels at a predictable rate, so knowing what is normal allows for 
identification of the abnormal or pathological. Normal bone remodeling forms the basis 
for histological age estimation, which assumes predictable remodeling rates related to age 
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(Crowder et al. 2012). As bone remodels, it accumulates secondary osteons, the basic 
multicellular units of bone remodeling. Each remodeling event adds more secondary 
osteons to the cortical bone area and creates “fragmentary” osteons, old secondary 
osteons that have been overlapped by newly formed secondary osteons (De Boer et al. 
2013). When considering “normal” bone remodeling, the older an individual is, the 
higher the number of complete and fragmentary osteons that are observed in a section of 
cortical bone. Abnormal bone remodeling rates are identified if this number, also known 
as the osteon population density (OPD), is not reflective of age and is instead either 
higher or lower than expected, possibly indicating accumulated or continuous metabolic 
stress that impacts remodeling rates. By quantifying the secondary and fragmentary 
osteons in cortical bone, bone remodeling rates can be calculated and compared to the 
expected rate age (Kerley 1965; Kerley and Ubelaker 1978; Stout and Paine 1992; Cho et 
al 2002). 
 Multiple methods in forensic anthropology have been developed to estimate age 
using histological analysis of bone, the most common of which use the femur (Kerley 
1965; Kerley and Ubelaker 1978) and rib (Stout and Paine 1992; Cho et al. 2002). Both 
elements and two methods (Kerley and Ubelaker 1978; Cho et al. 2002) are used in this 
study. While aging methods using the femur were some of the first widely used, it is a 
weight bearing bone and, consequently, much of its remodeling reflects weight-bearing 
activity as well as age (Pearson and Lieberman 2004; Ruff 2005). Histological analysis of 
the rib allows researchers to quantify remodeling that is indicative of processes in the 
body that regulate bone metabolism, including age, nutrition, and disease, rather than 
weight bearing (Crowder and Rosella 2007; Crowder et al. 2012). Using comparative 
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aging methods for histological age estimation, which is done in the current study by using 
both femur and rib estimates when possible, may help mitigate inter- and intra-observer 
quantification errors, preservation error (Kerley 1965; Konigsberg and Frankenberg 
1992), differential bone remodeling, and identify differences between estimation results.  
Two histological aging methods are used in this study: Kerley’s (1965) method, 
which was updated in 1978 (Kerley and Ubelaker 1978) for the femur, and Cho et al.’s 
(2002) method for the rib. Kerley (1965) demonstrated that the quantity of specific 
histological features within femoral cortical bone can be used to provide accurate age 
estimations when compared to documented age at death of an individual. The number of 
secondary osteons (complete and fragmentary) increase with age, while the amount of 
lamellar bone and number of primary osteons decrease with age. Regression formulas 
estimate age based on each feature (Kerley and Ubelaker 1978), taking a refined estimate 
from the overlap between each feature’s confidence intervals (see Figure 3.6 for an 
example).  
The Kerley method established the basis for Cho and colleagues’ (2002) method 
using the rib. Their method requires the analysis of two consecutive sections of the sixth 
rib in individuals of known age, sex, ancestry, and medical status. They analyzed 
multiple histological factors to produce multiple different age estimation equations: an 
equation for known ancestry (African or European descent), an equation for unknown 
ancestry, and an equation for unknown ancestry and an incomplete cortical rib section. 
Based on their results when considering the use of a rib section with incomplete cortical 
area, Cho and colleagues (2002) determined that OPD and the cross-sectional area of 
complete secondary osteons (On.Ar.) variables are directly related to age. These two 
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variables were used to generate a regression formula for age from an incomplete rib 
section, since neither variable requires the measurement of the complete cortical area of 
the rib section. The estimation equation accommodating for incomplete cortical area is 
used in the current study due to preservation problems in the MSA skeletal sample. 
The Mississippi State Asylum 
Construction of the MSA in Jackson, Mississippi began in 1845, instigated by a 
report written by Dorothea Dix on her observations of the deplorable conditions 
surrounding the treatment of mental patients throughout the state of Mississippi (Milner 
1955). The institution opened in 1855, admitting approximately 150 patients. By 1870, 
the patient population in the asylum had doubled and by 1877, patient influx and 
economic decline in Mississippi led to deteriorating living conditions and patient health 
in the asylum (Milner 1955). As a result, mortality rates increased dramatically after 
1900, rising from approximately 15% prior to 1900 to 42.6% in 1910 and kept increasing, 
peaking in 1912 and 1913 around 50%, based on data available from the asylum’s 
biennial records. The MSA remained in Jackson until 1935, when it was relocated to 
Whitfield, in Brandon, MS (Milner 1955).  
Between 1855 and 1935, the MSA admitted over 35,000 patients. Annual 
mortality records indicate that approximately 10,000 patients died during the 80 year 
period, with the highest mortality occurring between 1913 and 1935, possibly as a result 
of peak incidence during the pellagra epidemic (Sydenstricker 1958). Between 1909 and 
1936, pellagra mortality is recorded in the MSA, peaking in the 1913 records at 26.7 % of 
annual mortality. Goldberger (1914) discussed his visit to the MSA during the course of 
his initial epidemiological studies of pellagra, stating that between 1909 and 1913, the 
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MSA experienced 98 pellagra deaths, many of which had probably developed during the 
course of institutionalization.  
Survivorship analyses of data available from the MSA death-by-discharge records 
(Figures 2.1 and 2.2) indicate that pellagra deaths occur earlier in duration in the asylum 
and at younger ages, especially for female patients (Davenport et al. 2015). Older 
patients, males, and individuals who had lived in the asylum for relatively longer 
durations were more likely to survive longer than their demographic counterparts. These 
results indicate a pattern of differential demographic pellagra mortality that will be 

































































































































Pellagra mortality for the MSA death-by-discharge records sample (N=3,445) is 
higher than 40% of the total number of pellagra cases.  
This hypothesis addresses Research Question 1. Pellagra tended towards higher 
incidence and mortality in southern institutions compared to the overall South, in which 
pellagra mortality was approximately 40% of incidence (Goldberger 1914; Etheridge 
1972; Bollet 1992). The hypothesis is supported if the rate of pellagra mortality relative 
to the number of total pellagra cases in the MSA death-by-discharge records sample is 
greater than 40% and rejected if the percentage is 40% or lower. Support of this 
hypothesis establishes that the MSA follows the pattern of higher pellagra mortality 
within an institutional context compared to the surrounding region. Rejection of the 
hypothesis suggests that the MSA did not follow the established pattern. 
Hypothesis 2  
Sex, age, and patient duration of stay affect the frequency of pellagra mortality in 
the MSA discharge-by-death records.  
This hypothesis addresses Research Question 2, and investigates the effect of the 
interaction between sex and age on pellagra mortality in the MSA as well as testing 
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independent effects of sex, age, and duration of stay in MSA patients on their odds of 
pellagra mortality. The hypothesis is supported if results indicate that changes in sex and 
age (independently and together), and duration of stay significantly increase or decrease 
odds of pellagra mortality in the death-by-discharge records sample. It is rejected if 
results do not indicate a demographic influence on pellagra mortality risk. Support of the 
hypothesis establishes that an individual’s sex, age, and how long they lived within the 
asylum has a significant influence on his or her odds of dying of pellagra. Rejection of 
the hypothesis indicates that the odds of pellagra mortality were the same for all 
demographics in the sample.  
Hypothesis 3  
There is a relationship between alveolar bone loss and reduced cortical bone 
remodeling in the MSA skeletal sample.  
Hypothesis 3 addresses Research Question 3 by testing whether there is a 
statistical relationship between the frequency of alveolar bone loss and the frequency of 
reduced cortical bone remodeling in the skeletal sample (N=19). The hypothesis will be 
supported if a relationship exists, suggesting that the same process influences bone 
remodeling and alveolar bone loss, or rejected if there is no relationship present, 





The co-occurrence of alveolar bone loss and reduced bone remodeling in the 
MSA skeletal sample is statistically related to sex but independent of age.  
Hypothesis 4 addresses Research Question 4 and is broken down and tested 
through sub-Hypotheses 4a and 4b.  
Hypothesis 4a  
The co-occurrence of alveolar bone loss and reduced bone remodeling is related 
to sex in the MSA skeletal sample.  
Hypothesis 4a tests the statistical relationship between the frequency of alveolar 
bone loss and reduced bone remodeling co-occurrence in the MSA skeletal sample 
(N=19) and estimated sex. The hypothesis is supported if a relationship exists, indicating 
that the co-occurring markers are associated with sex in a statistically significant way. 
The hypothesis is rejected if a relationship does not exist, indicating that co-occurrence 
and sex are independent of each other. Support of the hypothesis suggests that sex may 
influence whether an individual develops both markers, while rejection of the hypothesis 
suggests that sex has no impact on whether or not an individual develops both markers  
Hypothesis 4b 
No relationship exists between age and the co-occurrence of alveolar bone loss 
and reduced bone remodeling in the MSA skeletal sample. 
Hypothesis 4b tests the statistical relationship between co-occurring alveolar bone 
loss and reduced bone remodeling and age estimates. The hypothesis is supported if no 
relationship is present, indicating that the co-occurring markers develop independent of 
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age. The hypothesis is rejected if a relationship exists, indicating that co-occurrence and 
age are statistically associated and not independent variables. Support of the hypothesis 
suggests that age has no impact on whether or not an individual develops both markers, 
indicating the potential that they are not age-related and instead caused by other disease 
processes. Rejection of the hypothesis indicates that age may influence their co-
occurrence. 
Hypothesis 5  
The overall and demographic frequencies of co-occurring alveolar bone loss and 
reduced bone remodeling in the MSA skeletal sample is statistically similar to the 
overall and demographic frequencies of pellagra mortality in the MSA death-by-
discharge records sample.  
Hypothesis 5 is broken down and tested through four sub-hypothesis: 5a, 5b, 5c, 
and 5d.  
Hypothesis 5a 
The frequency of co-occurring alveolar bone loss and reduced cortical bone 
remodeling rates in the MSA skeletal sample is similar to the frequency of 
pellagra mortality in the MSA patient death-by-discharge records sample. 
Hypothesis 5a tests the statistical association between the overall frequency of co-
occurring markers in the skeletal sample and the overall frequency of pellagra mortality 
in the patient records. The hypothesis is supported if no statistically significant 
differences are observed when comparing the samples, indicating that pellagra 
occurrence in the death-by-discharge records is statistically similar to the frequency of 
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co-occurring markers. The hypothesis is rejected if statistically significant differences 
occur, indicating that pellagra mortality in the records and the frequency of co-occurring 
markers in the sample are not statistically similar. 
Hypothesis 5b 
The frequency of co-occurring alveolar bone loss and reduced cortical bone 
remodeling in the MSA skeletal sample overall is similar to the frequency of 
pellagra mortality of at least one of the duration of stay period in the MSA death-
by-discharge records sample. 
Hypothesis 5b tests the statistical association between the overall frequency of co-
occurring markers in the skeletal sample to each arbitrarily defined duration of stay 
period for patients observed in the records, since duration of stay in the asylum cannot be 
identified for individual skeletons but can be calculated for each patient in the records. 
The hypothesis is supported if no statistically significant differences are observed 
between the samples for one or more duration period, indicating that pellagra occurrence 
in the death-by-discharge records is statistically similar to the co-occurrence of skeletal 
markers in the sample, or rejected if statistically significant differences are present, 
indicating that the co-occurrence of skeletal markers is not statistically similar to pellagra 
mortality by duration of stay in the records. 
Hypothesis 5c 
The frequency of co-occurring alveolar bone loss and reduced cortical bone 
remodeling by sex in the MSA sample is similar to the frequency of pellagra 
mortality from the MSA records by sex. 
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Hypothesis 5c tests the statistical association between co-occurring markers in the 
skeletal sample and pellagra mortality in the records for sex demographics. The 
hypothesis is supported if no statistically significant differences between the samples are 
present, indicating that sex-specific pellagra mortality in the death-by-discharge records 
is statistically similar to the frequency of co-occurring markers by sex. The hypothesis is 
rejected if statistically significant differences between the samples are present, indicating 
that the co-occurring skeletal markers are not statistically similar to sex-specific pellagra 
mortality in the records. 
Hypothesis 5d  
The frequency of co-occurring alveolar bone loss and reduced bone remodeling 
in the MSA skeletal sample is associated with pellagra mortality in the MSA 
records for age demographics. 
Hypothesis 5d tests the statistical association between co-occurring skeletal 
markers and pellagra mortality for two age cohorts: younger than 50 years of age and 50 
years of age or older. The hypothesis is supported if no statistically significant differences 
between the samples are present, indicating that pellagra mortality by age in the records 
is statistically similar to the frequency of co-occurring skeletal markers by age in the 
skeletal sample. The hypothesis is rejected if statistically significant differences are 
present, indicating that pellagra mortality by age is not statistically similar to the 





Patient death-by-discharge records were acquired from the Mississippi 
Department of Archives and History (MDAH) by Dr. Nicholas Herrmann and are 
maintained in the MSA patient database at Texas State University. Photographs of each 
page from each volume were transcribed into Excel sheets. Transcriptions were checked 
for errors prior to being transferred into the MSA Patient database, from which the death-
by-discharge patient data were accessed for the study.  
Patient data includes patient name, age at admission, date of admission, county of 
residence, sex (“male”/ “female”), social race (“white”/ “colored”), cause of mental 
disease/admission, discharge date, reason for discharge (including death), age at 
discharge/death, and cause of death if the individual died in the asylum. Duration of stay 
was determined by calculating the difference in days between the date of death and date 
of admission for each patient record. Sex, age, duration of stay, causes of mental 
disease/admission listed as pellagra (“pellagral insanity”, “psychosis with pellagra”, and 
“dementia praecox with pellagra”), and causes of death listed as pellagra (“pellagra”, 
“pellagral insanity”, “psychosis with pellagra”, and “pellagral exhaustion”) were 
incorporated into the study. Causes of death that were not listed as pellagra (examples 
include “maniacal exhaustion”, “syphilis”, “tuberculosis”, “chronic interstitial nephritis”, 
“acute dysentery”, etc.) were incorporated into the study as “other” causes of death. 
Causes of mental disease/admission not listed as pellagra (examples include “dementia 
praecox”, “acute mania”, “manic depression”, “psychosis with senility”, etc.) were 
incorporated as “other” causes of mental disease/admission. Age at death was grouped 
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into two cohorts (younger than 50, 50 and older). Sex designations remained 
dichotomous (male and female), and duration within the asylum was split into five 
arbitrary duration periods (up to one week, one week and one day to one month, one 
month and one day to one year, one year and one day to 10 years, over 10 years) for all 
hypotheses involving duration except for Hypothesis 2, where duration in days was 
Log10 transformed but remained a continuous variable. 
The demographic distribution of the records sample is presented in Table 3.1. 
Approximately 65% of the patients are younger than 50 years old and 35% of the patients 
are older than 50 years; approximately 51% of the patients are male, while 49% are 
female. The proportion of younger females in the records sample is greater than that of 
younger males, and a significantly larger number of females are younger than 50 years 
compared to those that are 50 years or older at death (Table 3.1). 
Table 3.1 Mississippi State Asylum patient sample demographics 
Demographic Age: < 50 years Age: ≥ 50 years Total 
Male 1061 695 1756 
Female 1162 527 1689 
Total 2223 1222 3445 
Derived from MSA death-by-discharge records between 1909 and 1936 
The current sample used in the study cannot be compared to the total patient 
mortality population of approximately 10,000 to determine representativeness, since the 
complete mortality data has not yet been transcribed in its entirety. This study only used a 
portion (N=3445) of the total records of patients who died during institutionalization, 
based on what records had been made available from MDAH and transcribed at the time 
of the study. Results, therefore, may include sampling errors when considering 
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demographic distribution and may not be representative of the total mortality population 
of 10,000, potentially biasing results.  
Certain years of mortality in the asylum are underrepresented, as a result of 
sampling biases during the transcription process at the time of the current study as well as 
the fact that some records in the later years of the MSA did not document cause of death, 
so patterns of pellagra mortality over time may be inaccurate. In the sample used for this 
study, the years 1924 through 1936 only contain a total of 146 death entries, compared to 
3,299 death entries between 1909 and 1924, indicating that the later years of the sample 
are underrepresented. When compared to mortality data derived from the biennial reports 
of the MSA that are available, the chronological skewing of the death-by-discharge 
records data is apparent (Figures 3.1, 3.2, and 3.3).  
Additionally, some records volumes contained only data on colored patients, 
some volumes contained only data on white patients, and some volumes contained data 
on both black and white patients. While the study does not use social race as a 
demographic variable, it is demonstrated that social race has an impact on pellagra 
incidence and mortality, specifically that colored individuals experience greater incidence 
and mortality than white individuals (Etheridge 1972; Kale 1995; Marks 2003; Davenport 
et al. 2015). Seventy-two percent of the records sample in the study are identified as 
colored, while 28% are white, which may bias results towards a heavier pellagra 





Figure 3.1 Comparison of call-cause mortality documented in the MSA’s biennial 
reports and the death-by-discharge records sample used in the study.  
Note that blank columns for the biennial reports denotes a lack of available 



















































































































































































































































































Sixty-seven skeletons, each assigned an individual burial number, were excavated 
from the University of Mississippi Medical Center (UMMC) campus in 2012 and 2013. 
The excavated individuals make up only a small portion of documented deaths in the 
MSA (approximately 10,000) as well as only a small portion of over 7,000 burials 
estimated to be present at the cemetery site on the UMMC campus based on geophysical 
survey data. Dendrochronological dates from samples of coffin wood indicate that the 
sample of 67 individuals were buried between approximately 1931 and 1936, falling 
within the later years of the death-by-discharge records sample: Burial 1 has a cut date of 
1926, Burial 52 has a cut date of 1928, and Burial 38 has a cut date of 1931. Based on the 
systematic placement in which individuals in the MSA cemetery sample were buried 
(Cureton et al. 2014) and on the high mortality during the later years of the MSA 
documented in the asylum’s biennial reports, individuals in the sample were probably 
buried fairly close to each other in time, suggesting that the 1931 cut date is most likely 
the earliest date of death for individuals in both the cemetery sample and the skeletal 
sample employed in this study. As such, the MSA cemetery sample is not representative 
of the entire cemetery, which spans between 1855 and 1936, nor is it representative of all 
patient mortality in the MSA. All 67 burials are curated at Mississippi State University.  
Bone preservation varied widely across burials based on the amount of expansive-
contractive activity of the surrounding clay and, most likely, on the extent and repetition 
of matrix saturation over the years. Most elements were fragmented, some more so than 
others, and many had mineral and soil accretions on the cortical bone, preventing the 
identification of intact cortical bone of femurs and rib fragments. Some elements were 
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not well-preserved enough to allow for identification. The fragmentation and accretions 
limited the number of burials which could be used in the current study.  
Based on the variety of preservation and the element requirements of the study, 19 
of the original 67 burials could be used for analysis. These 19 burials represent those 
which contained at least one intact femoral shaft and/or one well-preserved rib fragment 
as well as intact macroscopic age and sex indicators and undamaged alveolar bone. The 
demographic distribution of the skeletal sample employed here is presented in Table 3.2.  
Table 3.2  Mississippi State Asylum skeletal sample demographics 
Demographic Age: < 50 years Age: ≥ 50 years Total 
Male 9 4 13 
Female 6 0 6 
Total 15 4 19 
 
Approximately 68% of the sample is estimated to be male while 32% is estimated to be 
female; approximately 79% is estimated to be younger than 50 years, while 21% is 
estimated to be over 50 years of age at death. All females in the sample are estimated to 
be younger than 50 years of age. 
Methods 
Skeletal Analyses 
Macroscopic Age and Sex Estimation 
Biological profiles were established for each skeleton in the sample (N=19). If 
preservation allowed, sex was estimated by cranial and pelvic morphology following 
Buikstra and Ubelaker (1994). Age was estimated using a combination of methods. 
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When preservation allowed and at least two requisite elements were present for 
analysis—cranial sutures, pubic symphysis, and/or the auricular surface—point age 
estimates were generated using transition analysis, following Boldsen et al. (2002) 
ADBOU software. If at least two of the elements required by transition analysis were not 
available, first rib ends, medial clavicles, tooth development and root closure, cranial 
suture closure, auricular surface morphology, and epiphyseal fusion were analyzed to 
provide an age estimate following Mays (1998), Buikstra and Ubelaker (1994), Iscan et 
al. (1984; 1985), and Shirley (2009). Overlap of age ranges from all of these individual 
elements together formed a macroscopic age range. Transition analysis point estimates 
were supplemented by and compared to these age-range estimates.  
If the transition analysis point estimate fell within the macroscopic age range for 
an individual, the point estimate was used to compare to histological age estimates to 
determine a reduction in bone remodeling. In some cases, the transition analysis point 
estimates were significantly older than the age-range estimates, most likely because 
postcranial elements such as sternal rib ends and medial clavicles are included in the age 
ranges but not in transitional analysis. When this occurred, the age range was used to 
compare to histological age estimates because it included more elements to generate the 
estimation.  
Alveolar Bone Loss 
Pathological alveolar bone loss was coded as present or absent using coding 
methods for alveolar porosity proposed by Ogden (2008) and Kerr (1988). The distance 
between the undamaged alveolar crest and the cemento-enamel junction (CEJ) for in situ 
or refit molars was averaged between the buccal and labial aspects of the tooth and across 
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all molars measured. By observing both alveolar porosity as well as the distance between 
the alveolar crest and the CEJ, per criteria developed by Ogden (2008), tooth loss and 
alveolar reduction that was the result of compensatory eruption related to age and dental 
attrition rather than pathological processes was ruled out (Clarke et al. 1986)  
While Ogden (2008) and Dewitte and Bekvalac (2011) cite a distance of 2 
millimeters (mm) or greater as indicative of periodontal disease, the severity of alveolar 
bone loss reported by Paine and Brenton (2006b) in pellagrins ranges between an average 
of 4.5 mm in females and 5.1 mm in males. The range of measurements between the CEJ 
and the alveolar crest on both buccal and labial aspects of in situ or refit maxillary or 
mandibular molars for the MSA skeletons was recorded and averaged. The distribution of 
presence or absence of alveolar porosity around each molar recorded was also observed. 
Coinciding porosity and average alveolar bone loss that exceeded 2 mm was considered 
indicative of periodontal disease and therefore coded as “present” for alveolar bone loss 
in this study. Figure 3.4 is a photo of the mandible from Burial 6, an individual who was 
coded as presenting alveolar bone loss with associated porosity: alveolar porosity is 
present between M2 and M3 sockets in addition to alveolar lipping on the buccal aspect 





Figure 3.4 Burial 6: Buccal aspect of left mandibular M2 and M3. 
 
While it is possible that significant bone loss without associated porosity could be 
the result of periodontal disease, it could also be the result of normal aging or 
compensatory eruption if teeth are significantly worn (Ogden 2008). In order to rule out 
age-related loss of alveolar bone, individuals with alveolar bone loss but no porosity were 
coded as not displaying pathological alveolar bone loss (“absent”). Additionally, ante-
mortem tooth loss (AMTL), which is associated with dental caries, periodontal disease 
and alveolar bone resorption (Hillson 1979), was coded as “present” for alveolar bone 
loss if porosity was observed on the alveolar bone of resorbed molar sockets and on the 






Histological sections were taken from the rib and femur when available for each 
individual of the skeletal sample. Sampling of the bones was contingent upon individual 
burial preservation. If both ribs and femora were not present, either a rib or a femur 
section was used to estimate age and compare with macroscopic age estimations. Each 
specimen was photographed by the researcher, radiographed at Mississippi State 
University’s College of Veterinary Medicine with a minimum of medial-lateral (ML) and 
anterior-posterior (AP) views, and CT scanned at Premier Imaging in Starkville, MS all 
prior to sectioning. 
A single rib fragment was sampled from each individual within ribs three through 
ten from a subset of the skeletal sample (N=16) (Crowder and Rosella 2007), following 
Stout and Paine (1992) and Cho and colleagues (2002). Due to the fragmentary nature of 
rib fragments in the skeletal sample and the variation in quality of preservation within 
and between burials, it was difficult to consistently sample rib fragments from a specific 
side; therefore neither right or left ribs were sampled preferentially. Instead, sampling 
was focused on quality of preservation. A thick section was cut from the mid-shaft shaft 
of one femur, following Kerley (1965) (N=17) from each individual in the skeletal 
sample that presented intact alveolar bone, and well-preserved age and sex indicators 
(N=19). Preference was given to right femora, but if the left femur of an individual was 
better preserved, the left femur was sectioned.  
 Sample preparation methods follow Crowder et al. (2012). These methods were 
originally developed for ribs, but were followed for femur sample preparation as well. 
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Rib specimens were selected based on their apparent sturdiness (i.e. were not too friable) 
and relative intactness of cortical bone. Femur specimens were also selected based on 
their preservation and the presence of intact cortical bone on the mid-shaft. To ensure 
femoral cortical bone did not flake while the mid shaft was initially sectioned with a 
Dremel tool prior to embedding, epoxy resin was painted on the mid shaft and allowed to 
harden. Selected rib and femur specimens were embedded in Buehler epoxy resin at a 
ratio of two to one for hardener to resin. After the resin set, two consecutive thin sections, 
measured to approximately 1mm thickness, were cut from each specimen with a Buehler 
IsoMet 1000 precision isometric diamond-blade saw to account for microstructure 
variations.  
The next step of sample preparation required the section to be ground down 
between a coarse diamond grinding disk and sandpaper. It should be noted that the 
methods described by Crowder et al. (2012) are for non-archaeological bone, although 
the principle is the same for archaeological bone with extra care for preserving the 
archaeological section. Even though specimens were selected based on preservation, the 
poor quality of the archaeological bone made it difficult to follow Crowder et al. (2012) 
exactly while maintaining the integrity of the thin section. Instead of grinding an 
unmounted, fragile thin section of rib or femur, each section was mounted onto a glass 
slide with Crystalbond adhesive prior to grinding. This ensured that the thin section was 
secure on the slide, helping to prevent extensive damage to and/or loss of bone during the 
grinding process. Each section was ground and polished with a Buehler MetaServe 3000 
grinder-polisher to a thickness that would allow light to shine through the section 
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(between approximately 75 and 50 micrometers), ensuring microscopic features could be 
observed under the microscope. 
Imaging and Analysis 
Slides were imaged with an Olympus CX41 microscope at Texas State University 
using a 10x magnification lens (compounded 100x magnification) and an Olympus DP27 
camera. Rib sections were imaged in their entirety. Each overlapping snapshot taken by 
the camera, using Olympus CellSens Standard software, was stitched together to provide 
a section panorama using Microsoft Image Composite Editor (Microsoft ICE). Femur 
sections only required a snapshot of each section at the anterior, posterior, medial, and 
lateral periosteal regions of the cortical bone (Kerley 1965). Figure 3.5 is an example of a 
histological section from the right femur of Burial 1. 
 




Rib section images were analyzed in ImageJ to quantify microscopic features in 
the cross section that are required for histological age estimation. Rib features identified 
include cortical area present (Ct.Ar.), total number of complete secondary osteons 
observed, total number of fragmentary secondary osteons observed, and mean osteonal 
cross-sectional area (On.Ar.). Observed osteon population density (OPD) was calculated 
by taking the sum of observed complete and fragmented secondary osteons and dividing 
the number by the Ct.Ar. Because two rib sections were cut from each sample, cortical 
area and complete and secondary osteon counts were added together to account for 
microstructure variation, then entered into regression formulas. 
Femur Sections 
Femur section images were also analyzed in Image J. Two sections were cut from 
each femur sample, so eight images total were taken of each femur sample: two anterior, 
two medial, two posterior, and two lateral snapshots. Complete secondary, fragmentary, 
and primary osteons were counted for each image. The population density of each 
variable was calculated by multiplying the observed counts by the observed area of the 
image divided into 2.06 mm². This adjustment to observed area is Kerley and Ubelaker’s 
(1978) adjustment to Kerley’s (1965) original method, ensuring the image area in the 
analysis reflects the original image area in the microscope Kerley (1965) used to develop 
his regression formulae. The population densities from each image were added together 
for each variable. The percent of lamellar bone present was calculated from each image, 
and then averaged across all images in the section. After each femur section was 
quantified for each variable (complete secondary, fragmentary, and primary osteons, 
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lamellar area), each variable’s population density for the two femur sections was 
averaged together to account for microstructure variation. 
Regression Formulae 
Ribs: Cho et al. (2002)  
Cho and colleagues (2002) developed a regression equation to estimate age from 
an incomplete rib section of an individual of unknown ethnicity. This is well suited to the 
poor rib preservation and unidentified ancestry of the individuals in the MSA skeletal 
sample sample, using OPD and On.Ar as variables: 
 Age = 37.982 + 1.400(OPD) – 670.138(On.Ar) (3.1) 
 The two-tailed mean square error of the point age estimate calculated from the equation 
is ±24.44. Because the estimated range is so wide, the point age estimation result from 
each rib is used in the study to compare to femur and macroscopic age estimations.  
Femur: Kerley and Ubelaker (1978) 
 Kerley and Ubelaker (1978) updated Kerley’s (1965) regression formulas for each 
feature that yield a point age estimation and a root mean square error range (Table 3.3). 
After point estimations and ranges were calculated for each feature of the femur sample, 
they were compared to each other in an age profile chart (Figure 3.6) to narrow age 
estimations by observing overlapping ranges. Overlapping ranges were reported in the 
results as the histologically estimated age range of the femur; the upper and lower 
margins of each range were averaged to get a new point age estimation, which constitutes 




Table 3.3 Age estimation formulas: Femur 
Factor Equation RMSE  (±) 
Complete Secondary Osteon Y=2.278+0.187X+0.00226X² 9.19 
Fragmentary Secondary Osteon Y=5.241+0.509X+0.017X²-0.00015X³ 6.98 
Non-Haversian Canals Y=58.390-3.184X+0.0628X²-0.00036X³ 12.12 
% Lamellar Area Y=75.017-1.790X+0.0114X² 12.52 
X = OPD, Y = age, RMSE = Root mean square error (Kerley and Ubelaker 1978) 
 
Figure 3.6 Burial 28 age profile chart from histological analysis of the femur 
Age range: 55 – 62 years; Point age estimation: 58 years (Kerley and 
Ubelaker 1978) 
 
Differences between rib and femur age estimations were compared for those 
individuals with both a rib and a femur present (N=19). Histological age estimates of the 
femur are most likely closer to macroscopic age estimates because biomechanical 
remodeling may hide reductions in bone remodeling due to malnutrition. Therefore, 
femur estimates were used as an additional age comparison along with macroscopic 
estimates to identify reduced bone remodeling in the ribs. If femur estimates were 
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younger than rib estimates, however, they could indicate a reduction in bone remodeling 
observable even through biomechanical remodeling. Therefore, the younger histological 
age estimate, whether it be the rib or the femur, was the histological age compared to the 
macroscopic estimate.  
Macroscopic age estimates, either a transition analysis point age estimate or an 
age range derived from multiple elements, were compared to histological age estimates 
for each individual. If histological point estimations for either the femur or the rib were at 
all younger than the macroscopic age point estimate or youngest age in the estimated 
range, the individual was considered to present reduced cortical bone remodeling relative 
to age. If histological age estimations fell within the macroscopic age range or were older 
than the macroscopic age range/point estimate, the individual was considered to not 
present a reduction in cortical bone remodeling. 
Statistics 
Pellagra mortality relative to total number of cases 
In order to calculate the total number of pellagra cases from the MSA death-by-
discharge records sample, cause of mental disease/admissions diagnoses and cause of 
death for each patient were coded as “pellagra” or “other”. Each patient was then coded 
based on whether they were admitted with pellagra and died of pellagra, whether they 
were admitted with a diagnosis other than pellagra and died of pellagra, whether they 
were admitted with pellagra and died of another cause, and whether they were neither 
admitted nor died of pellagra. The total number of pellagra cases was a sum of the 
patients who were admitted with and died of pellagra, patients who were admitted with 
pellagra but died of another diagnosis, and patients admitted with another diagnosis but 
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died of pellagra. Pellagra mortality was calculated as the sum of patients who died of 
pellagra, regardless of whether they were admitted with a pellagra diagnosis or not. The 
percentage of pellagra mortality relative to the number of cases was then calculated.  
Logistic Regression 
A binomial logistic regression was run in SPSS (Corp 2015) to identify 
demographic and duration patterns and age and sex interactions with pellagra mortality in 
the records sample. Independent variables for the regression were sex, age, and duration 
of stay in the asylum by day. Sex and age were categorical variables (male/female and 
younger than 50 years/50 years and older, respectively). Duration, a continuous variable, 
was log-transformed (Log10) to better see the impact of duration on pellagra mortality. 
Age and sex were included in the model separately and then as an interaction variable, to 
see how age and sex work together to affect pellagra mortality odds. The dependent 
variable for which the model is developed to predict is pellagra mortality, which is binary 
and categorical: “yes” or “no”. The logit coefficients and odds ratios produced by the 
logistic regression were analyzed and discussed. 
Fisher’s Exact Tests 
To ensure accurate comparisons between variables in the small skeletal sample 
(N=19) and between the skeletal sample and the much larger records sample (N=3445), 
Fisher’s Exact tests were run in SPSS (Corp 2015). Age estimations in the skeletal 
sample and recorded age at death in the records sample were separated into two age 
cohorts: younger than 50 and 50 and older. Sexes for both samples were separated into 
male and female. Duration in the asylum in the records sample was grouped into five 
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duration periods: up to one week, one week and one day to one month, one month and 
one day to one year, one year and one day to 10 years, and over 10 years.  
Fisher’s Exact tests were first run to determine if the sex and age distributions of 
the skeletal sample and the death-by-discharge records sample were statistically similar, 
in order to account for potential preservation and sampling biases that would have 
skewed the demographic distribution of the samples, thereby affecting the comparability 
of the samples. Fisher’s Exact tests were then run to determine the presence or absence of 
a relationship between the frequencies of alveolar bone loss and reduced bone remodeling 
in the skeletal sample (Hypothesis 3). They were also run to determine the relationships 
between the frequency of co-occurring alveolar bone loss and reduced bone remodeling 
and sex and age cohorts (Hypotheses 4a and 4b). Finally, Fisher’s Exact tests were run to 
identify similarities or differences between frequencies of co-occurring markers in the 
skeletal sample to pellagra mortality in the death-by-discharge records sample overall 
(Hypothesis 5a), by duration of stay in the asylum (Hypothesis 5b), by sex (Hypothesis 
5c), and by age cohort.  
The p values generated by Fisher’s Exact tests were analyzed; a significance 
threshold of p=0.05 was used. Any p-values greater than 0.05 (p>0.05) indicate that no 
statistically significant differences occur between the samples being compared and that 
the variables being compared occur independently of one another. Any p-values less than 
0.05 (p<0.05) indicate that statistically significant differences do occur between the 






The results of all biological profiles and histological age estimations are presented 
in Appendices A and B.  
Hypothesis 1 
Pellagra mortality for the MSA death-by-discharge records sample (N=3445) is 
higher than 40% of the total number of pellagra cases 
The death-by-discharge records sample size (N=3445) is the total mortality count 
for the sample, since all patients listed died during institutionalization between 1909 and 
1936. Of the sample’s total mortality, 817 cases were pellagra deaths, resulting in a 
pellagra mortality rate of 23.7% out of the total mortality in the sample (Table 4.1). In 
terms of pellagra mortality relative to the total number of pellagra cases in the records 
sample, however, the number is much higher. 
Table 4.1 Pellagra mortality in the Mississippi State Asylum patient records sample 
Demographic Frequency % total mortality % Pellagra Incidence 
Total Mortality 3445 100 -- 
Pellagra Cases 856 24.8 100 
Pellagra Mortality 817 23.7 95.4 
 
The total number of pellagra cases for the sample includes all patients who were 
documented in the records diagnosed with the disease between 1909 and 1936. In the 
 
67 
sample, 856 cases of pellagra are documented (Table 4.2); 817 of those patients died of 
pellagra. Pellagra mortality relative to the total number of pellagra cases in the MSA 
death-by-discharge records sample is 95.4% (Table 4.1). Pellagra mortality relative to the 
number of pellagra cases is dramatically different from pellagra mortality relative to all-
cause mortality (23.7%). It is even more dramatically different from the estimated 
pellagra mortality rate of 40% of incidence for the entire South during the epidemic  
(Bollet 1992).  
Table 4.2 Pellagra cases in the Mississippi State Asylum 
Incidence Frequency % pellagra incidence % pellagra mortality 
Admitted with 
pellagra diagnosis;  
died of pellagra 
378 44.2 46.3 
Admitted with 
pellagra diagnosis; 
diagnosed cause of 
death not pellagra 
39 4.5 -- 
Not admitted with 
pellagra diagnosis;   
died of pellagra 
439 51.3 53.7 
Total 856 100 100 
 
The pellagra mortality rate relative to the number of pellagra cases in the MSA 
death-by-discharge records sample is 95.4% during the study period, significantly higher 
than the 40% of incidence reported for the entire south during the epidemic. Hypothesis 
1, therefore, is supported: pellagra mortality relative to the number of cases in the MSA 
death-by-discharge records sample is much higher than pellagra mortality relative to 




Sex, age, and patient duration of stay in the asylum affect the frequency of 
pellagra mortality in the MSA discharge-by-death records. 
 
Hypothesis 2 posits that sex, age, and duration of stay variables have an effect on 
pellagra mortality and that, specifically, age and sex  have a significant interaction that 
affects pellagra mortality in the MSA records sample. Analysis of the death-by-discharge 
records indicate that in the sample (N=3445), pellagra mortality is occurs more in 
females, in individuals under the age of 50, and in durations of stay in the asylum that are 
less than one year, the highest being between 1 month and 1 year (Table 4.3).  
Table 4.3 Pellagra mortality relative to total mortality in the MSA patient records 
sample 
Demographic Total 
mortality Pellagra mortality 
Pellagra % total 
mortality 
% total pellagra 
mortality 
Male 1756 285 16.2 34.9 
Female 1689 532 31.5 65.1 
Age < 50 years 2223 655 29.5 80.2 
Age > 50 years 1222 162 13.3 19.8 
Duration ≤ 1 week 171 44 25.7 5.4 
Duration 1+ week-1 
month 471 166 35.2 20.3 
Duration 1+ 
month-1 year 1448 461 31.8 56.4 
Duration 1+ - 10 
years 999 124 12.4 15.2 
Duration >10 years 356 22 6.2 2.7 
Total 3445 817 23.7 100 
Bold and highlighted rows indicate highest pellagra rates for each variable. 
A logistic regression was run to test if the data observed in Table 4.3 were 
statistically significant, querying whether being female, younger than 50, and with a 
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duration of stay in the MSA of less than one year increase an individual’s odds of dying 
of pellagra. Results of the regression are presented in Figure 4.1. 
 
Figure 4.1 Logistic regression analyzing sex, age, duration, and pellagra mortality in 
the MSA patient records sample. 
Coded variables: Female=1; Male=0; <50 years=1; ≥50 years=0; Pellagra=1; Other cause 
of death=0 
Results of the regression model indicate that all demographic variables 
significantly influence pellagra mortality in the sample (p = 0.000; p < 0.0001). The 
coefficient (B) for each variable indicates whether one unit change in the independent 
variable will cause an increase (positive integer) or decrease (negative integer) in the 
odds of dying of pellagra and how big that influence is. With every 10 day increase in 
duration, since duration in days was log10 transformed, there is a moderate decline in the 
odds of an individual dying of pellagra (B = -0.694). With a one unit increase from 0 
(male) to 1 (female), there is a fairly large increase in the odds of an individual dying of 
pellagra (B = 0.892). With a one unit increase from 0 (≥ 50 years old at death) to 1 (<50 
years old at death), there is a fairly large increase in the odds of an individual dying of 
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pellagra (B = 0.863). The coefficients suggest that  females, individuals younger than 50, 
and individuals of short institutional duration were more likely to die of pellagra in the 
MSA death-by-discharge records sample. The odds ratio results for the regression 
(Exp(B)) indicate greater or lesser odds for each independent variable—within the 
context of all independent variables—to experience the dependent variable outcome 
being tested. The odds ratio results from testing Hypothesis 2 indicate that females are 
almost 2.5 times more likely to die of pellagra in the MSA (Exp(B) = 2.439) and 
individuals younger than 50 experienced an almost 2.4 times greater odds of pellagra 
mortality (Exp(B) = 2.371).  
To test whether or not there was an interaction between age and sex variables in 
pellagra mortality for MSA patients, as is discussed by historic sources who suggest that 
younger females/women were more likely to develop and die of pellagra, an interaction 
variable was included in the model. The results of the logistic regression including age 





Figure 4.2 Logistic regression analyzing sex, age, duration, sex and age interactions, 
and pellagra mortality in the MSA patient records sample. 
Coded variables: Female=1; Male=0; <50 years=1; ≥50 years=0; Pellagra=1; Other cause 
of death=0 
Results indicate that when the age and sex interaction was added to the regression 
model, all variables except sex contribute significantly to the model. The odds ratio for 
the interaction indicates that, when considering all of the independent variables, females 
under the age of 50 were almost three times more likely to die of pellagra in the MSA as 
any other demographic combination (Exp(B) = 2.983). This odds ratio indicates that 
within the MSA death-by-discharge records sample, pellagra follows the documented 
pattern of pellagra mortality: the likelihood is greater for young females, probably due to 
a combination of both biological factors and sociocultural behaviors. Hypothesis 2, 
therefore, is supported:  sex, age, and duration influence pellagra mortality rates, and age 
and sex significantly interact with each other to influence an individual’s odds of pellagra 




There is a relationship between alveolar bone loss and reduced cortical bone 
remodeling in the MSA skeletal sample. 
In order to determine if a relationship is present in the MSA skeletal sample 
between alveolar bone loss and reduced bone remodeling, alveolar bone loss and reduced 
bone remodeling were coded for the skeletal sample (N=19) following the methods 
discussed above. Table 4.4 presents each burial from the sample, their demographic 
estimates, and the results of their skeletal analysis. Due to element preservation, only 8 of 
the 19 burials yielded an accurate point age estimation using transition analysis, 
following Boldsen et al. (2002) when compared to macroscopic age-range estimates  
























1 F 20-34 22.8 24 30 Absent Absent No 
3 M 31-39 31.6 34 22 Present Present Yes 
4 F 17-26 56.3 40 33 Absent Absent No 
6 M 50-77 77.2 54 48 Present Present Yes 
7 M 20-35 -- 32 25 Absent Present No 
28 F 26-44 -- 58 31 Absent Present No 
30 F 20-46 15 51 42 Absent Present No 
32 M 54-64 31.2 53 22 Present Present Yes 
33 M 35-44 -- 48 35 Absent Present No 
34 M 25-44 27.4 49 38 Absent Present No 
36 M 50-60 -- 71 -- Absent Present No 
37 F 30-44 -- 30 23 Present Absent No 
38 M 31-60 -- 48 40 Absent Present No 
39 M 40-49 -- 34 35 Present Present Yes 
46 M 40-49 -- 28 26 Present Present Yes 
48 F 27-44 27.4 -- 33 Absent Absent No 
57 M ≥20 -- 46 -- Absent Absent No 
64 M ≥20 -- -- 24 Absent Absent No 
65 M ≥20 -- 46 -- Absent Absent No 
¹(Buikstra and Ubelaker 1994), ²ADBOU (Boldsen et al. 2002), ³(Kerley and Ubelaker 
1978), 4(Cho et al. 2002). Bold and highlighted rows indicate individuals with co-
occurring skeletal markers. 
Analysis (Table 4.4) reveals that in the skeletal sample of 19 individuals, 13 
individuals (68.4%) have alveolar bone loss with porosity, six individuals (31.6%) have 
reduced cortical bone remodeling, five individuals (26.3%) have both alveolar bone loss 
and reduced cortical bone remodeling, and five individuals (26.3%) have neither skeletal 
indicator. Eight individuals (42.1%) have alveolar bone loss but do not have reduced 
cortical bone remodeling while one individual (approximately five percent) has reduced 
cortical bone remodeling but no alveolar bone loss.  
A Fisher’s Exact test was run to test the presence of a relationship between 
alveolar bone loss and reduced bone remodeling in the sample. Results of the test are 
presented in Figures 4.3 and 4.4. Results indicate that alveolar bone loss and reduced 
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cortical bone remodeling occur independently of each other within the sample (p = 0.605; 
p > 0.05). No statistical relationship is present, leading to a rejection of Hypothesis 3. 
 
Figure 4.3 Contingency table and Fisher’s Exact results testing the association of 





Figure 4.4 The frequency of alveolar bone loss and reduced bone remodeling in the 
skeletal sample; co-occurrence is present in five individuals. 
 
Hypothesis 4 
Hypothesis 4a  
The co-occurrence of alveolar bone loss and reduced bone remodeling is related 
to sex in the MSA skeletal sample. 
As stated previously, 13 of the 19 individuals of the sample are male (68.4%), 
while six are female (31.6%). Five of the individuals present both alveolar bone loss and 
reduced cortical bone remodeling (26.3%), all of which are male (100%) (Table 4.4). A 
Fisher’s Exact test was run determine the presence or absence of a relationship between 
co-occurrence and sex.  
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Results (Figures 4.5 and 4.6) suggest that no relationship exists between an 
individual’s sex and whether or not they present both skeletal indicators (p = 0.128; p > 
0.05). Instead, sex and the co-occurrence of both factors are statistically independent of 
each other, suggesting that within the skeletal sample of 19 individuals, the sex of an 
individual does not affect whether or not they develop both alveolar bone loss and 
reduced bone remodeling. Hypothesis 4a, therefore, was rejected: no relationship exists 
between sex and co-occurring alveolar bone loss and reduced bone remodeling in the 
current sample. 
 
Figure 4.5 Contingency table and Fisher’s Exact results testing the association of co-




Figure 4.6 Frequency of co-occurring alveolar bone loss and reduced bone remodeling 
by sex in the MSA skeletal sample 
 
Hypothesis 4b  
No relationship exists between age and the co-occurrence of alveolar bone loss 
and reduced bone remodeling in the MSA skeletal sample. 
According to data from Table 4.4, 15 individuals are younger than 50 (78.9%) 
while four are older than 50 (21.1%). Of the five individuals presenting co-occurring 
markers, three were younger than 50 (60%) while two were older than 50 (40%). A 
Fisher’s Exact test was run to test the association of co-occurring alveolar bone loss and 
reduced bone remodeling with age. Results are presented in Figures 4.7 and 4.8. Results 
indicate that no statistical relationship exists between age cohorts and the occurrence of 
both skeletal indicators (p = 0.272; p > 0.05), suggesting that for the age of an individual 
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did not affect whether they developed both skeletal markers occurs. Results support 
Hypothesis 4b, which posited that no relationship was present. 
 
Figure 4.7 Contingency table and Fisher’s Exact results testing the association of co-




Figure 4.8 Frequency of co-occurring alveolar bone loss and reduced bone remodeling 
by age in the MSA skeletal sample. 
 
Hypothesis 4 in its entirety, which posits the existence of a relationship between 
co-occurring markers and sex but not between co-occurring markers and age, is only 
partially supported. It is not supported with regards to sex (Hypothesis 4a): no statistical 
relationship exists between co-occurring alveolar bone loss and reduced bone remodeling 
and sex. It is, however, supported with regards to age (Hypothesis 4b): no statistical 





The frequency of co-occurring alveolar bone loss and reduced cortical bone 
remodeling rates in the MSA skeletal sample is similar to the frequency of 
pellagra mortality in the MSA patient death-by-discharge records sample. 
When comparing frequencies between the MSA skeletal sample (N=19) and the 
MSA death-by-discharge records sample(N=3445) (Table 4.5), 817 individuals from the 
records sample died of pellagra of pellagra (23.7%) and five individuals in the skeletal 
sample were identified as having both alveolar bone loss and reduced bone remodeling 
(26.3%). Initially, it appears that the rates of pellagra mortality and co-occurring skeletal 
indicators are very similar. 
Table 4.5 Pellagra mortality in the MSA patient records compared to co-occurring 
markers in the skeletal sample 







occurrence % total 
demographic 
mortality 





Male 1756 285 16.2 34.9 
Female 1689 532 31.5 65.1 
Age < 50 years 2223 655 29.5 80.2 
Age ≥ 50 years 1222 162 13.3 19.8 
Total 3445 817 23.7 100 
Skeletal  
Male 13 5 38.5 100 
Female 6 0 0 0 
Age < 50 years 15 3 20.0 60 
Age ≥ 50 years 4 2 50.0 40 
Total 19 5 26.3 100 
 
A Fisher’s Exact test was run to test the similarities or differences between the 
frequency of pellagra mortality in the MSA records sample and the frequency of co-
occurring skeletal indicators in the MSA skeletal sample. Results (Figures 4.9 and 4.10) 
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indicate that there no significant differences between the frequency of co-occurring 
alveolar bone loss and reduced bone remodeling in the skeletal sample and the frequency 
of pellagra mortality in the MSA death-by-discharge records (p = 0.788; p > 0.05). The 
frequencies of pellagra mortality and co-occurring skeletal markers between the two 
samples are similar in a statistically significant way. Hypothesis 5a is supported: the 
frequencies of co-occurring markers in the skeletal sample and the frequencies of pellagra 






Figure 4.9 Contingency table and Fisher’s Exact results comparing pellagra mortality 





Figure 4.10 Comparison of pellagra mortality rates in the MSA records sample and the 
rate of co-occurring skeletal markers in the MSA skeletal sample 
 
Hypothesis 5b  
The frequency of co-occurring alveolar bone loss and reduced cortical bone 
remodeling in the MSA skeletal sample is similar to the frequency of pellagra 
mortality of at least one of the duration of stay periods in the MSA death-by-
discharge records sample. 
The distribution of pellagra mortality between each of the five designated periods 
of duration of stay within the asylum in the records is listed previously in Table 4.3: 
pellagra mortality accounts for over 25% of mortality for patients whose duration of stay 
in the asylum was less than one year, then declines over time. Fisher’s exact tests were 
run comparing pellagra mortality frequencies for each of the five periods of duration of 
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stay (up to one week, one week and one day to one month, one month and one day to one 
year, one year and one day to 10 years, and over 10 years) and the frequency of co-
occurring alveolar bone loss and reduced bone remodeling in the skeletal sample.  
The Fisher’s Exact p-values for each duration comparison are reported in Table 4.6. 
Figure 4.11 compares the rates of pellagra mortality compared to co-occurrence for each 
duration period. Results indicate that the distribution of co-occurring skeletal indicators 
in the skeletal sample is similar in a statistically significant way to the frequency of 
pellagra mortality in all duration periods (p > 0.05) except durations over ten years 
(p=0.008; p < 0.05), where the frequencies are significantly different. Hypothesis 5b is 
supported: the skeletal sample and pellagra mortality in the patient records are similar in 
a statistically significant for duration periods under 10 years, but significantly different 
for duration periods over 10 years. 
Table 4.6 Fisher’s Exact results comparing co-occurring skeletal markers with 
pellagra mortality in five duration periods in the MSA patient records 












Up to 1 week 171 44 
19 5 
1.00 
1+ week – 1 
month  471 166 0.474 
1+ month – 1 year 1448 461 0.805 
1+ year – 10 years 999 124 0.081 
Over 10 years 356 22 0.008 





Figure 4.11 Comparisons of pellagra mortality rates for each period of asylum duration 




The frequency of co-occurring alveolar bone loss and reduced cortical bone 
remodeling by sex in the MSA sample is similar to the frequency of pellagra 
mortality from the MSA records by sex. 
As observed previously (Tables 3.1 and 4.3), sex demographics in the patient 
records sample (N=3445) are fairly equal comparing the number of female to the number 
of male patients (49% compared to 51%). Of the number of pellagra deaths (817) 
observed in the records sample, however, males make up 34.9% of pellagra mortality 
(16.2% of total male mortality) while females make up 65.1% of pellagra mortality 
(31.6% of total female mortality). In the MSA skeletal sample (N=19) (Table 3.2), 68.4% 
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of the sample are male while 31.6% are female; of the five individuals in the skeletal 
sample who have co-occurring skeletal indicators, all (100%) are male.  
A Fisher's Exact test was initially run to assess whether the sex distribution in the 
death-by-discharge records sample is statistically similar to the sex distribution of the 
MSA skeletal sample. Results, presented in Figures 4.12 and 4.13, indicate that the sex 
distribution of the two samples are indeed statistically similar (p=0.168; p>0.05), 
verifying that they can be compared to each other without fear that demographic 
differences will skew results. 
 
Figure 4.12 Contingency table and Fisher’s Exact results comparing the sex distribution 




Figure 4.13 Comparisons of sex distributions between the MSA skeletal sample and the 
death-by-discharge records. 
 
A Fisher’s Exact test was then run to compare the frequencies of pellagra 
mortality in the records sample and co-occurring skeletal markers in the skeletal sample 
by sex. Results (Figures 4.14 and 4.15) indicate that there are statistically significant 
differences between the two samples when comparing the sex distribution of co-
occurrence and pellagra mortality (p = 0.005; p < 0.05). Hypothesis 5c, therefore, is 
rejected: the frequency of co-occurring alveolar bone loss and reduced bone remodeling 
by sex is different in a statistically significant way from the frequency of pellagra 




Figure 4.14 Contingency table and Fisher’s Exact results comparing pellagra mortality 
in patient records and co-occurring skeletal markers in the MSA skeletal 




Figure 4.15 Comparisons of pellagra mortality rates and rates of co-occurring skeletal 
markers by sex demographic in the MSA patient records and skeletal 
samples 
 
Hypothesis 5d  
The frequency of co-occurring alveolar bone loss and reduced bone remodeling 
by age cohort in the MSA skeletal sample is similar to the frequency of pellagra 
mortality in the MSA records by age cohort. 
Based on ages at death younger than 50 or 50 years and older (Table 4.5), 
approximately 64.5% of the MSA sample is younger than 50 while 35.5% are older than 
50. Approximately 80% of pellagra mortality occurred in individuals younger than 50. 
Table 4.5 also indicates that 79% of the MSA skeletal sample is estimated to be younger 
than 50 years at death while 21% are estimated older than 50; 60% of co-occurring 
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skeletal markers occur in individuals younger than 50, while 40% occur in individuals 
older than 50.  
A Fisher's Exact test was initially run to assess whether the age distribution in the 
death-by-discharge records sample is statistically similar to that of the MSA skeletal 
sample. Results, presented in Figures 4.16 and 4.17, indicate that the age distribution of 
the two samples are indeed statistically similar (p=0.234; p>0.05), verifying that they can 
be compared to each other.  
 
 
Figure 4.16 Contingency table and Fisher’s Exact results comparing the age distribution 




Figure 4.17 Comparison of age distribution between the MSA skeletal sample and the 
death-by-discharge records sample. 
 
A Fisher’s Exact test was run to compare the frequency of co-occurring skeletal 
markers by age cohort in the MSA skeletal sample with the frequency of pellagra 
mortality by age cohort in the MSA death-by-discharge records sample. Results (Figures 
4.18 and 4.19) indicate that these age distributions are similar in a statistically significant 
way (p = 0.261; p > 0.05). Hypothesis 5d, therefore, is supported: the age distributions of 
co-occurring markers in the skeletal sample and pellagra mortality in the records sample 




Figure 4.18 Crosstabulation and Fisher’s Exact results for comparing co-occurring 




Figure 4.19 Comparison of rates of pellagra mortality and co-occurring skeletal 





The results of this study present similarities and differences between frequencies 
of the co-occurrence of alveolar bone loss and reduced bone remodeling in the MSA 
skeletal sample and pellagra mortality in the MSA death-by-discharge records sample. 
These results may serve to guide future studies examining this dynamic that are able to 
employ larger skeletal samples with documented pellagra mortality, whether it is an 
expansion of the MSA cemetery sample, a larger institutionalized sample with associated 
institutional records similar to the MSA, a regional sample recovered from an area with 
detailed documentation of pellagra mortality, or a skeletal sample with medical records 
associated with each individual that include antemortem diagnoses of pellagra.  
While this study does employ destructive analysis, destruction of finite 
bioarchaeological resources is not ideal. With proper and extensive documentation of rib 
and femoral elements prior to the histological analysis, including x-rays, photographs, CT 
scans, measurements, and recording of potential pathological features, it is possible to 
mitigate potential data loss for future studies on the finite resource of a skeletal sample. 
Additional research may be able to identify non-destructive or minimally destructive 
analyses that will test the same or similar variables as were tested in this study, such as 
micro-CT scanning or radiography to asses microstructure and cortical bone area or 
removing smaller sections for histological analysis, minimizing destruction of rib and 
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femoral elements (Iwaniec et al. 1998; Muller et al. 1998; Hedberg et al. 2005; Stein and 
Sander 2009; Meulendyk et al. 2011).  
Some patterns of co-occurrence and pellagra mortality between the samples, 
specifically comparing the samples overall and by age cohort and by comparing the 
skeletal sample to duration of stay within the asylum, are similar at a statistically 
significant level, potentially suggesting that an association exists between these skeletal 
markers and pellagra. However, the distribution of co-occurring skeletal markers by sex 
in the skeletal sample is significantly different from the distribution of pellagra mortality 
by sex in the death-by-discharge records sample, potentially suggesting a lack of 
association between the markers and pellagra. Alternatively, the lack of association of co-
occurring markers and pellagra mortality by sex could be the result of the “Osteological 
Paradox” (Wood et al. 1992), where females in the skeletal sample who may have 
suffered from pellagra died too quickly from the disease to develop one or both markers. 
Limitations in the skeletal sample in terms of sample size and preservation biases restrict 
the interpretation of these results when the skeletal sample (N=19) is compared with the 
much larger death-by-discharge records sample (N=3445). The following section will 
expand on the results of the study by discussing them in the context of biological and 
social factors that are either known to or are suggested to potentially affect pellagra 
development and mortality while placing them in the context of sample limitations. 
Sample Limitations 
During the course of conceptualizing this study and data collection and analysis, it 
had to be acknowledged that while the study works with and compares two associated 
samples (the MSA skeletal sample and their associated death-by-discharge records) there 
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were potential limitations with each sample. These limitations and the difference in 
sample sizes may influence results, although the use of Fisher’s Exact tests were used to 
accommodate the differences in sample sizes as well as the small size of the MSA 
skeletal sample (N=19). Additionally, Fisher’s Exact tests were used to determine that the 
sex and age distributions were similar between the death-by-discharge records sample 
and the skeletal sample, accounting for possible age and sex skewing when the samples 
are compared. 
MSA Death-By-Discharge Records Sample 
As stated previously, the MSA patient death-by-discharge records sample consists 
of 3445 individual patient entries spanning between 1909 and 1936, but it is not 
representative of all mortality at the MSA. It is estimated from institutional biennial 
reports to the state of Mississippi that between 9,000 and 10,000 individuals died during 
the years in which the MSA was active. The 3445 individuals in the sample represent a 
sub-sample of these deaths. Biases in the sample may have affected the results. 
Based on the distribution of social race in the sample (72% colored to 28% 
white), as discussed in the data and methods section, it is likely that the sample is heavily 
biased towards colored patients. While social race was not considered as a variable in the 
study, evidence indicates that colored individuals experienced significantly greater 
pellagra incidence and mortality than white individuals during the Southern epidemic 
(Etheridge 1972; Marks 2003; Davenport et al. 2015). The higher numbers of colored 
patients in the death-by-discharge records sample may result in greater numbers of 
pellagra cases and higher pellagra mortality than what actually occurred in the MSA 
between 1909 and 1936. 
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Additionally, also as discussed in the data and methods section, there is a much 
greater number of patient entries during the 15 years encompassing 1909 through 1923 
(3299) than there are in the 13 years encompassing 1924 through 1936 (146, 
approximately only four percent of the records sample). This indicates a chronological 
bias of the death-by-discharge records, where the later years of the MSA are poorly 
represented in the sample. As a result, pellagra mortality rates for the study period in the 
sample may not be representative of the actual pellagra mortality rates in the MSA 
between 1909 and 1936, affecting results of the study, especially since the skeletal 
sample most likely falls in the later years of the death-by-discharge records sample 
(1926-1936), where the records are comparatively underrepresented.  
In the death-by-discharge records sample, only 15 individuals died of pellagra 
between 1924 and 1936 (approximately two percent of pellagra mortality)—all of whom 
are colored patients—compared to 802 pellagra deaths between 1909 and 1923 (98.2%). 
Even though this fits the pattern of decline in pellagra deaths in the MSA documented in 
the asylum’s biennial reports during the institution’s later years (Figures 3.1, 3.2, and 
3.3), where pellagra went from constituting 26.7% of mortality in 1913 and 21.3% of 
mortality in 1923 to 16.7% in 1926 and to 10.2% in 1933 with a spike to 22.2% in 1928, 
the data still demonstrates a skewing of chronological mortality in the death-by-discharge 
records sample used for the study during the span of years in which the skeletal sample 
most likely falls. This is a direct result of sampling biases and lack of death diagnoses in 
the records volumes themselves for later years in the MSA (after 1924). As such, the 
results of the study analyzing pellagra mortality in the records sample and co-occurring 
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markers in the skeletal sample may not accurately reflect the true nature of relationships 
between co-occurring alveolar bone loss and reduced bone remodeling and pellagra.  
The death-by-discharge records sample used in the study (N=3445) represents 
only approximately 10% of the total patients known to have resided in the MSA and 
approximately 38% of total patient mortality between 1855 and 1936. It is unknown if the 
sample employed in this study, therefore, is a representative sample of MSA patient 
mortality. The detailed demographic and pellagra mortality distribution of the total MSA 
patient population is unknown, since the admissions and death-by-discharge records for 
the institution have not been transcribed in their entirety, although overall rates of 
pellagra mortality relative to all-cause mortality in the MSA are documented in the 
institution’s biennial reports. It is not possible to compare the sample used in the study to 
the total patient population in order to assess its representativeness. As such, in using the 
death-by-discharge records sample, it is acknowledged that results of the study cannot be 
associated with the entire MSA patient population and instead only apply to the sample 
itself. 
Additional limitations in the records themselves could be a result of sociocultural 
and medical biases during the study period. Pellagra, a highly stigmatized disease that 
was prevalent in the South, has the potential to be over-diagnosed in the MSA if it was 
used as a “catch-all” diagnosis for more non-specific malnutrition or even other disorders 
that are not easily diagnosed upon entrance. If this were true, it could be the result of 
doctors and medical professionals needing to get through a large number of patient 
diagnoses and falling back on a diagnosis of pellagra to make things quicker. It could also 
be the result of doctors and medical professionals wanting to make sure they do not miss 
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any cases of pellagra, which does not always present diagnostic dermatitis lesions 
(Williams and Ramsden 2007), and as a result ended up diagnosing pellagra where it 
actually did not occur. A similar case of over-diagnosis to ensure all cases of the disease 
are accounted for is described for tuberculosis diagnoses (Adamson 1924). This may 
have greatly inflated the numbers of pellagra cases and pellagra mortality compared to 
what actually occurred in the MSA.  
Additionally, reported rates of pellagra diagnoses and the diagnoses themselves 
may be more accurate or inaccurate based on what region of the state an individual is 
from and whether or not that region has higher pellagra rates in general and is therefore 
more familiar with the disease. If the disease is more well-known and widespread in a 
certain part of the state, such as the Delta, it could be diagnosed more accurately because 
it is easily recognized, while it could be over- or under-diagnosed in areas where pellagra 
did not occur as often. The pattern of rates of pellagra mortality in the MSA over time as 
demonstrated in the biennial reports suggest that over time, pellagra mortality declined, 
especially during the later years of the MSA. A similar pattern is observed in the death-
by-discharge records sample, although the later years in the MSA are vastly 
underrepresented. This could indicate that either patient diets were being adjusted over 
time to prevent pellagra, that pellagra rates in the region were declining over time as its 
causes and cure were discovered and publicized, and/or that as doctors were learning 
more about pellagra, their diagnoses were becoming more refined and accurate, which 
may lead to a reduction in reported cases and deaths. Limitations in accuracy of diagnosis 
need to be considered, as they have great potential to affect the results of the study. 
 
100 
MSA Skeletal Sample 
The skeletal sample used in the study is a sub-sample of individuals derived from 
the MSA cemetery sample of 67 individuals who most likely died after 1931, aligning 
with the last 5 years of the death-by-discharge records sample. Only 19 individuals fit the 
requirements for the study and of them, only 5 present co-occurring skeletal markers. As 
a result, the sample is small to draw any solid conclusions from in terms of itself and in 
terms of comparisons with the much larger records sample: 19 individuals are only a 
fraction of the over 7,000 burials estimated to be present in the MSA cemetery site, just 
as they represent only a fraction of the approximately 10,000 deaths reported for the 
MSA. As such, without knowing the demographic structure of the entire MSA cemetery 
or of the complete death-by-discharge records, it cannot be determined if the MSA 
cemetery sample (N=67) or the sub-sample used in the study (N=19) are representative of 
the cemetery and MSA mortality as a whole.  
The small sample size is a result of the fact that only 67 of the multiple thousand 
burials in the MSA cemetery were excavated, compounded with limitations due to 
individual burial preservation. The requirements to complete this study include intact 
sexing and aging elements along with at least one intact femoral mid shaft or one well-
preserved rib fragment and intact alveolar bone with M1, M2, or M3 in occlusion or 
easily refit. Preservation of the MSA cemetery sample (N=67) varies widely due to its 
burial environment and resultant taphonomic processes, leading to a restriction of the 
skeletal sample used in the study to 19 individuals.  
It is demonstrated by Walker et al. (1988) and Nawrocki (1995) that differential 
preservation occurs as a result of multiple environmental factors, including depositional 
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environment and burial depth, and skeletal factors, such as bone type and an individual’s 
age and sex, all of which influence the rate of bone degradation. It is possible that the sex 
and age demographic distribution of the MSA cemetery sample and, therefore, the 
skeletal sample used in this study is biased not only due to overall preservation, but also 
due to differential preservation regarding sex and age, where older ages and females may 
experience poorer preservation because of bone quality prior to death. This could explain 
the fact that no females in the skeletal sample are estimated to be 50 years or older. Older 
individuals and post-menopausal females experience greater calcium loss in their bones, 
making the bones more susceptible to post-depositional degradation (Walker et al. 1988). 
As a result of these preservation limitations, it is also possible that taphonomic 
damage of elements used to estimate age and sex (pelvic and cranial morphology, cranial 
suture closure, pubic symphyseal morphology, auricular surface morphology, epiphyseal 
fusion) may have biased age and sex estimations, even though elements with extensive 
damage were not used for estimates. Preservation also most likely had an effect on 
histological analyses: degradation of the microstructure, microbial damage to the cortical 
bone, and the friability of cortical bone caused some damage to ribs and femurs that were 
unseen from the surface. During histological analysis, however, cortical bone area was 
only measured for undamaged areas where histological structures could clearly be seen 
and quantified, ensuring OPD was as accurate as possible for both rib and femur 
analyses. 
An additional limitation needs to be considered that affects results generated from 
the skeletal sample: the Osteological Paradox, posited by Wood et al. (1992). While this 
will be discussed in greater detail below in conjunction with specific results from the 
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study, there is a high likelihood that individuals in the skeletal sample who suffered from 
and died of pellagra may not have even developed alveolar bone loss or reduced bone 
remodeling because death occurred soon after pellagra development due to poor asylum 
conditions. Because it takes time for noticeable absorption of alveolar bone and 
observable reductions in bone remodeling rates to occur, there is the possibility that 
individuals with only one or neither skeletal marker did, in fact, suffer from pellagra but 
died quickly and may have been counted as false negatives in the study. This may explain 
why no females in the skeletal sample, all of whom were estimated to be younger than 50 
years of age—the demonstrated demographic group to be at the most risk for pellagra 
development and mortality—present co-occurring skeletal markers: they developed 
pellagra and died soon afterwards. 
To account for the small size of the skeletal sample, both when testing variable 
relationships within the sample and when making comparisons between the skeletal and 
death-by-discharge records samples, Fisher’s Exact tests were run, ensuring as accurate 
of a result as possible, even when no contingency table cell values fell below 5. Fisher’s 
Exact tests were also run to determine the similarities between age and sex distributions 
of the sample; results indicate that the samples’ demographic distributions for age and 
sex are both similar in a statistically significant way. While it may still be problematic to 
compare a sample size of 19 to a sample size of 3445 and draw solid conclusions about 
the relationship between co-occurring alveolar bone loss and reduced cortical bone 
remodeling and pellagra mortality, Fisher’s Exact tests accommodates for the small 
skeletal sample size and the difference in size between the two samples, providing some 
robusticity to the results.  
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All conclusions drawn for this study point to certain possible associations, but are 
inconclusive as to the actual relationship between the skeletal markers and pellagra. It is 
highly suggested that the research continue in the future with a larger skeletal sample, 
whether it is an expansion of the MSA cemetery sample or a different skeletal sample 
with associated records indicating high rates of pellagra mortality or an anatomical 
sample with antemortem diagnoses of pellagra, similar to the Raymond Dart Collection. 
It is also suggested that, if the study were to be repeated in the future, that different 
methods be explored to potentially minimize or negate the need for destructive analysis 
to identify reductions in bone remodeling. 
Research Question 1 
The results of Hypothesis 1 indicate that pellagra mortality relative to the number 
of cases is dramatically higher in the MSA between 1909 and 1936 than expected, based 
on the estimate of pellagra mortality relative to incidence for the American South 
between approximately 1906 and 1945. This fits what was predicted, based on historic 
reports suggesting that pellagra occurred in higher incidence with greater mortality in 
institutional settings, including insane asylums, prisons, and orphanages (Searcy 1907; 
Goldberger 1914; Etheridge 1972; Bollet 1992; Bryan 2014). The result suggests that 
conditions in the MSA did not cure pellagra that was diagnosed in incoming patients and 
most likely caused pellagra in patients who were not originally admitted with a pellagra 
diagnosis. Because of pellagra’s dietary etiology and its easy cure through dietary 
adjustment, the results further suggest that dietary conditions in the MSA were likely 
monotonously corn-based, containing little to no niacin-rich yeast and/or tryptophan-rich 
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dairy and lean meat, which led to the high number of pellagra cases and high pellagra 
mortality calculated in the death-by-discharge records sample.  
Cause of mental disease/admissions diagnoses of “pellagra”, “pellagral insanity”, 
and “psychosis with pellagra” in the MSA death-by-discharge records constitute 
approximately 12% of admissions. This is higher than other frequently occurring 
admissions diagnoses including senility/senile dementia/senility with psychosis 
(approximately seven percent of admissions), manic depression (approximately eight 
percent of admissions diagnoses), and acute mania (approximately seven percent of 
admissions diagnoses). This higher rate of admission corresponds with historic sources 
(Stockman and Johnson 1933) reporting that pellagra cases were often admitted to 
asylums as a result of its associated mental symptoms.  
The relatively high pellagra admission rate also potentially supports discussions 
about the stigmatizing nature of the disease’s physical and mental symptoms (Niles 1912; 
Etheridge 1972; Bollet 1992), which may have led to increased admissions. As such, 
there is a strong possibility that the MSA is a pellagra-heavy sample compared to the 
surrounding region at the time. This may be biased if pellagra was over-diagnosed in the 
MSA as a result of this stigmatization. However, the stigmatization of pellagra outside of 
the institution may have led family members and pellagrins to avoid an actual diagnosis 
of pellagra, which may lead to under-diagnoses or under-reporting of pellagra if it is 
diagnosed, as is demonstrated in other stigmatized diseases such as syphilis (Siena 2001) 
and discussed relative to HIV diagnoses (Alonzo and Reynolds 1995). The potential 
under-diagnosis of pellagra in non-institutional settings may counter the potential over-
diagnosis of pellagra in the MSA, thereby negating the effects of diagnosis inflation.  
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The number of pellagra cases in the MSA death-by-discharge records sample 
increased as patients developed pellagra during their course of institutionalization (12.7% 
of the death-by-discharge records sample, 53.7% of pellagra mortality in the death-by-
discharge records sample), most likely as a result of institutional diets and conditions 
(Goldberger 1914; Goldberger et al. 1923). While the study was not able to access 
records from the MSA that described patient diets in detail, the high rates of pellagra 
occurrence and mortality in the MSA provide indirect evidence of the patients’ 
inadequate diet. Dietary inadequacy would have exacerbated the condition in incoming 
pellagrins and caused the condition to develop in patients admitted without pellagra 
diagnoses. Preferential treatment given towards nurses in the MSA may have led to this 
dietary inadequacy if, as described by Goldberger (1914), nurses were able to take the 
best and most nutritious food for themselves while patients were provided with the 
leftovers. If this occurred, it could be an example of social conditions in the asylum 
which further marginalized patients by denying them the privileges granted to nurses and 
attendants, thereby contributing to pellagra development and mortality in the MSA’s 
patients.  
The difference between over 95% mortality in the MSA death-by-discharge 
records and 40% mortality in the entire South for an approximately similar time period 
(early 1900s until the 1940s) indicates the differences between conditions affecting 
pellagra incidence and mortality in the entire southern region and the conditions within 
the asylum. While impoverished communities and individuals outside of the MSA may 
have been at risk for developing pellagra due to their poverty and limited dietary 
availability, they may have also been able to occasionally supplement their diet with 
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pellagra-preventative foods, such as yeast, dairy, eggs, or lean meat. This potentially 
decreased the South’s rate of pellagra mortality relative to incidence when compared to 
the MSA. Alternately, if individuals in the South who developed pellagra were given 
supplementary foods as a means of “treatment” or of providing comfort—similar to being 
given chicken soup when sick—they may have recovered rather than dying of pellagra. 
The MSA’s higher rate of pellagra mortality per number of cases suggest that dietary 
supplementation most likely did not occur for individuals in the MSA death-by-discharge 
records sample, thereby increasing the number of pellagra deaths.  
Research Question 2  
Results from testing Hypothesis 2 indicate that sex, age, and duration have a 
significant influence on an individual’s odds of dying of pellagra in the MSA, 
demonstrating that females, individuals under the age of 50, and individuals who lived 
within the institution for a relatively short time prior to death all experienced relatively 
greater likelihoods of pellagra mortality that their counterparts. Results looking 
specifically at the interaction between age and sex also indicate that females under the 
age of 50 experience almost three times greater odds of pellagra mortality than any other 
demographic grouping (Exp(B)=2.983; see Figure 4.2). Overall, the logit coefficients (B) 
for each independent variable (age, sex, and duration) indicate that odds of pellagra 
mortality increase with decreased age and Log 10 duration of stay in days; the odds of 
pellagra mortality increase when comparing males and females. Results follow the 
original rates of pellagra mortality by age, sex, and duration calculated directly from the 




 The odds ratio result denoting the effect of age and sex interactions on pellagra 
mortality follow the historically and retrospectively recorded patterns of pellagra risk 
suggested by early 20th century epidemiologists and modern historians and 
anthropologists for young females. Females under the age of 50 could have experienced a 
heightened risk of pellagra mortality in the MSA due to certain cultural behaviors as well 
as certain biological characteristics related to age and hormone production. While gender 
cannot be identified in the MSA death-by-discharge records sample, the potential 
contribution of gendered activities—such as women’s role in the home—to pellagra 
mortality patterns observed for the female sex makes it prudent to discuss both gender 
roles and biological sex in the interpretation of results as contributing to the pellagra 
development and mortality of an individual. As discussed earlier, historic and primary 
sources as well as later scholars suggest that women were more at risk for developing 
pellagra due to their gender roles in the home (Jobling and Petersen 1916; Roberts 1920; 
Wilson 1921; Brenton 2000; Marks 2003). This, complemented by the logistic regression 
findings presented in this study, suggests that females in the MSA who participated in 
these gender roles prior to admission may have entered the asylum with already poor 
nutrition or pellagra diagnoses and were dying earlier.  
In the MSA records sample, 288 of the 417 pellagra admissions were female 
(69%), supporting the suggestion that there was some cultural gendered behavior 
occurring in the early 20th century American South contributing to a higher percentage of 
female pellagra admissions and high female pellagra mortality. Of the 478 individuals 
who developed pellagra in the institution and died of it during the entire study period, 275 
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were female (58%), still high but about 10% lower than pellagra admissions (Table 4.2). 
The difference of 10% potentially suggests that gender behaviors outside of the 
institution may have contributed to the high rate of female pellagra admissions, but that 
upon admission, the domestic gender roles that may have increased pellagra occurrence 
and mortality outside of the institution did not influence pellagra development and 
mortality as strongly inside the MSA. A similar pattern is observed when breaking down 
date of death years to between 1910 and 1919 and between 1920 and 1929: the rate of 
pellagra admissions who are female are slightly higher (four to eight percent) than the 
rate of individuals who developed pellagra in the MSA who are female, further 
supporting the suggested differences in factors contributing to pellagra within the MSA 
compared to those in non-institutional communities. As a result, pellagra development 
within the institution and subsequent mortality in females in the MSA may be more the 
result of biological processes relative to sex than gender roles, although they likely work 
together to contribute to higher odds of pellagra mortality in female patients, as 
demonstrated by the logistic regression. 
Post-pubescent but pre-menopausal females are most likely at greater risk for 
developing and dying of pellagra as a result of estrogen’s role in inhibiting tryptophan to 
niacin conversion in the human body (Bender and Totoe 1984; Wolf 1997; Brenton 
2000). The only way this biological factor would come into play is if females were niacin 
deficient in their diets but were potentially consuming enough tryptophan to prevent the 
development of pellagra. If this tryptophan could not be converted into niacin because the 
females in question were between menarche and menopause, during which time females 
produce higher levels of estrogen (Wolf 1997; Brenton 2000), it could indicate that pre-
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menopausal females were more likely to develop pellagra because they are solely 
dependent on dietary niacin.  
The risk of developing pellagra could increase even more as high tryptophan 
foods were removed from the female diet due to poverty and/or gender roles, affecting 
dietary variety and nutritional quality. Once inside the MSA, the poor dietary conditions 
within the MSA—inferred from high pellagra mortality rates in the MSA compared to 
those of the American South—would have increased younger females’ risk for 
developing and dying of pellagra. This would especially be the case if they were entering 
with already poor nutritional health resulting from the interaction of gender roles in the 
home and high estrogen levels.  
Age 
The logistic regression results demonstrated that younger ages overall, not only in 
the case of females, and shorter duration in the asylum increase an individual’s odds of 
dying of pellagra. This is supported by Davenport et al.’s (2015) survivorship results 
(Figures 2.1 and 2.2) indicating that pellagra mortality occurs more rapidly at younger 
ages and shorter periods of duration in the MSA overall, and that pellagra mortality 
occurs at earlier ages and slightly earlier durations in females compared to males (See 
Figure 4.1). One explanation for the association of pellagra mortality with younger ages 
in the logistic regression performed in this study is that individuals who reached ages 
older than 50 within the MSA may have been less frail and therefore less susceptible to 
pellagra than the individuals under the age of 50 observed in the mortality records. The 
age effect on pellagra mortality may, therefore, be the result of a survivorship bias: older 
individuals do not die of pellagra because they survived through younger ages without 
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developing or dying from it. This seems to be contrary to trends associating the elderly 
with higher risk of malnutrition (Burkhauser and Duncan 1987).  
If these individuals are the product of survival bias, they may have had 
sociocultural or biological buffers that enabled them to avoid developing and/or dying of 
pellagra in the MSA. If elderly individuals lived with family members (children, 
grandchildren, etc), they may have been treated preferentially during meals, possibly 
receiving more of a variety of foods that would have prevented pellagra from developing. 
Additionally, considering the association between young ages and female pellagra 
mortality due to estrogen production, there is a chance that the heightened biological risk 
for females of ages younger than 50 is driving the overall relationship between age and 
pellagra mortality in the MSA patient sample. Most females older than 50 would have 
experienced menopause, lowering their estrogen levels and removing estrogen’s 
inhibition of niacin conversion from tryptophan, potentially reducing their potential for 
pellagra development and mortality. 
Duration 
Regression results indicate that the odds of dying of pellagra is higher for shorter 
duration (Log10 duration in days) periods within the asylum. Pellagra mortality rates 
appear to increase until a duration of stay greater than one year, when they decline 
dramatically (Table 4.3 and Figure 5.2). The most plausible explanation for these results 
is that pellagra can progress quickly and is fatal if not treated through dietary adjustment 
(Goldberger et al 1920a; Sydenstricker 1958), especially when it has reached the later 
dementia stage which accounts for the asylum admission of 46.3% of pellagra deaths in 
the MSA death-by-discharge records sample (Table 4.2). Patients entering with or 
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quickly developing pellagra after admission (53.7% of pellagra mortality) were dying 
quickly before they had time to survive past one year. This reflects on the poor dietary 
conditions patients were likely subject to within the asylum, which contributed to 
pellagra development in MSA patients after admission and may have caused patients who 
were admitted with pellagra to die soon after admission. It also reflects on the poor 
dietary conditions in the communities where patients lived previously, which may have 
caused individuals to develop pellagra prior to admission. Dietary conditions in these 
communities may additionally have undermined the nutritional health of patients who 
were admitted to the asylum with non-pellagra diagnoses but who soon after admission 
developed pellagra; poor nutritional health upon entrance may have made pellagra 
develop at a faster rate for those individuals once they were exposed to even poorer 
dietary conditions in the MSA. 
Pellagra mortality patterns in the sample over time do not indicate that any 
effective pellagra prevention or treatment programs were implemented in the MSA, so it 
is likely that most individuals admitted with pellagra died soon afterwards. Of individuals 
who were admitted with and died of pellagra (378), only 21 individuals lived past one 
year (six percent), while two of them lived past ten years (one percent); 37 survived up to 
one week (10%), 117 survived between one week and one month (31%), and 203 lived 
between one month and one year (54%). Individuals in the death-by-discharge records 
sample who developed pellagra during institutionalization (N=438) were more varied in 
terms of when they died relative to duration, but only 124 individuals died after one-year 
duration in the asylum (28%), compared to 314 individuals (72%) who died within a year 
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of institutionalization. Very few people who died of pellagra had lived in the asylum for 
over one year 
The distribution of pellagra mortality relative to pellagra development is depicted 
in Figure 5.1, while the frequency of pellagra development relative to pellagra mortality 
by individual count is presented in Figure 5.2. As can be seen in Figure 5.1, there is a 
clear pattern between diagnosis at admission and duration in the asylum until death from 
pellagra: durations under one month saw higher pellagra admission pellagra mortality, 
while durations after 1 month saw higher non-pellagra admission pellagra mortality. 
These results support the results of the logistic regression and suggest that pellagra 
mortality, whether it occurred in patients who were admitted with pellagra or not, was at 
greater odds of occurring in shorter periods of duration within the asylum, mostly under 1 
year.  
 




Figure 5.2 Pellagra mortality in the MSA broken down by diagnosis at admission. 
 
The environment of the institution and its lack of treatments and preventative 
measures for patients in terms of diet most likely influenced the relationship between 
shorter duration periods and high pellagra mortality. People who were admitted with 
pellagra died quickly due to poor dietary conditions in the asylum, and patients who 
developed pellagra died quickly thereafter as a result of the same. Individuals able to 
survive past 1 year of institutionalization were probably less frail and less susceptible to 
pellagra mortality than individuals who died within 1 year, possibly as a result of better 
nutritional health upon entering the asylum. This association of pellagra mortality with 
shorter durations, paired with the heightened risk for young females, could contribute to 
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the fact that no females in the skeletal sample present co-occurring alveolar bone loss and 
reduced bone remodeling: they died quickly, before the markers could develop. 
Research Question 3 
The results of testing Hypothesis 3 suggest that, within the MSA skeletal sample 
of 19 individuals, there is no relationship between the occurrence of alveolar bone loss 
and the occurrence of reduced bone remodeling. Both markers have separately been 
identified as occurring more frequently and with greater severity in the skeletons of 
antemortem, clinically diagnosed cases of pellagra (Paine and Brenton 2006b; 2006a). 
Instances of their co-occurrence in this study, however, appear to be the result of chance, 
and not of their direct association. Considering the general non-specificity of either 
alveolar bone loss or reduced bone remodeling to disease, it is possible that their co-
occurrence in the skeletal sample are due to multiple different pathological processes 
occurring in the body rather than one single cause.  
Alveolar bone loss is associated with inflammation, usually caused by infection 
(Larsen 2015) or an inflammatory immune response that may have an ultimate root in 
malnutrition and compromised immune strength (Ridgeway 2000). As a result, it may not 
be proximally linked to malnutrition or metabolic disorders. Reduced remodeling of the 
cortical bone, however, is a reflection of metabolic processes that may be, and often are, 
directly affected by nutritional status (Zipfel et al 2001; Paine and Brenton 2006a; 
Williams and Ramsden 2007; Seibel 2007). It is not often directly caused by 
inflammation. This does not, however, preclude the fact that reduced bone remodeling 
may reflect malnutrition as the cause of a compromised immune system that led to 
alveolar bone loss through resultant infection.  
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The lack of statistical association between alveolar bone loss and reduced bone 
remodeling in the skeletal sample may be a result of differences in proximate disease 
causes (malnutrition versus infection) but the same ultimate causes (malnutrition). 
Malnutrition has the potential to increase and individual’s susceptibility to infection 
(Katona and Katona-Apte 2008). If this were the case, most if not all cases of alveolar 
bone loss would also present reduced bone remodeling but not all cases of reduced bone 
remodeling would present alveolar bone loss due to individual differences in 
susceptibility to infection. As identified in the MSA skeletal sample, however, only 1 
individual presents reduced bone remodeling without alveolar bone loss while 8 present 
alveolar bone loss without reduced bone remodeling (Table 4.4). This supports the 
possibility that alveolar bone loss and reduced bone remodeling in the sample occur as a 
result of two separate disease processes without a common association with malnutrition.  
Alternative reasons a relationship is not observed may be due to the preservation 
of the skeletal materials and the small sample size. While great care was taken to ensure 
that all of the individuals in the skeletal sample had intact alveolar bone to code for loss 
and porosity, it was difficult to ensure that each individual had intact, well-preserved 
cortical bone for histological analysis. Taphonomic staining, bacterial degradation, and 
friability of some of the samples affected the quality of the histological slide images, 
making them too dark or blurry, and may have affected the histological age estimations. 
Pains were taken to only quantify clearly observed (unstained and minimally damaged) 
cortical area and the features within that cortical area during histological analysis. 
Additionally, macroscopic age point estimates and estimate ranges are broad in some 
cases, based on the availability and visibility of age indicators on the skeleton, potentially 
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skewing the differences between macroscopic and histological age estimations. It should 
be noted that the method used in this study for identifying reduced cortical bone 
remodeling rates is adapted from Paine and Brenton (2006a, 2006b), who compared 
histological age estimations with known, not estimated, age at death on deceased, 
autopsied individuals with clinical antemortem diagnoses of pellagra. Considering 
potential limitations both in macroscopic age estimations and histological age estimations 
due to preservation, there may be errors in the identification of reduced bone remodeling.  
Research Question 4 
The results of testing Hypotheses 4a and 4b indicate that in the MSA skeletal 
sample (N=19), there is no statistically significant relationship between co-occurring 
alveolar bone loss and reduced bone remodeling and sex or age demographics. These 
results could indicate that, whatever disease processes causing the skeletal markers, there 
was no differential association with certain ages or sexes that made it more likely for an 
individual to develop both markers. Instead, everyone in the sample was equally likely to 
develop both alveolar bone loss and reduced bone remodeling.  
This could potentially be a product of the etiology(ies) of the two markers and the 
cultural behaviors and biological characteristics that influenced their development. 
Different sexes and different ages in the MSA skeletal sample may not have experienced 
preferential treatment in the MSA that would have mitigated disease and skeletal marker 
development. Instead, all may have been subject to similar treatment or similar conditions 
that led to disease development equally across demographics.  
Similarly, the lack of association between the co-occurring markers and sex and 
age suggest that there is no biological characteristic occurring in one demographic group 
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that would differentially prevent or influence the development of both markers. A 
specific example, taken from the previous discussion, would be high estrogen levels in 
younger females affecting tryptophan conversion into niacin, thereby increasing a 
younger female’s odds of pellagra development and mortality; this biological 
characteristic does not seem to differentially influence whether or not an individual 
presents both skeletal markers. Because the study’s results indicate no association of co-
occurring alveolar bone loss and reduced bone remodeling with either age or sex, it is 
suggested that all sexes and ages are equally vulnerable. The results also suggest that, due 
to this lack of demographic association, the co-occurrence of skeletal markers in the 
MSA skeletal sample may not be associated with pellagra and pellagra mortality, which 
is demonstrated in Hypothesis 2 to be more likely to occur in younger females.  
Considering sex demographics, all five individuals with co-occurring markers are 
male (100%; Table 4.4), even though results indicate this is not a statistically significant 
association in the skeletal sample. The lack of significant association between sex and co-
occurrence could be a product of the sample size, since 100% male co-occurrence 
originally seems indicative of the presence of a strong association with sex. The small 
sample size, however, could also indicate that the lack of distribution of the co-occurring 
markers between sexes is a coincidence resulting from preservation biases limited both 
sample size and demographic distribution. The Fisher’s Exact test was designed 
specifically for small sample sizes, so the lack of a significant association between co-
occurring markers and sex may be true for the sample, but it may also be a product of 
preservation biases affecting the demographics in the sample.  
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Alternatively, the association of pellagra mortality in the MSA to young females 
and short duration periods suggest that young females likely developed pellagra quickly 
and died soon thereafter. None of the females in the skeletal sample, all who are 
estimated to be under the age of 50, present co-occurring lesions. Two (33%) present 
only alveolar bone loss and one (17%) presents only reduced bone remodeling; three 
(50%) present neither marker. The osteological paradox (Wood et al. 1992) suggests that 
hidden heterogeneity of risks in a population from which a skeletal sample is derived may 
indicate that individuals who present no skeletal lesions were more frail than individuals 
who present lesions and therefore died quicker before lesions could form. The six females 
in the skeletal sample who do not present co-occurrence may have died too quickly to 
develop both alveolar bone loss and reduced bone remodeling, which are possibly 
associated with pellagra in the MSA records overall, by age, and by institutional duration. 
The osteological paradox further convolutes the results of the current study, making it 
even more difficult to tell if co-occurring alveolar bone loss and reduced bone 
remodeling in the MSA is actually associated with pellagra mortality. 
Considering age demographics of the skeletal sample (Table 4.4), more 
individuals are estimated to be under the age of 50 than older than 50; 60% of co-
occurrence was found in individuals younger than 50 and 40% was found in individuals 
50 years or older. Results indicate that there is no significant association between co-
occurring markers and age either, suggesting that an individual’s age did not affect 
whether or not they developed both alveolar bone loss and reduced bone remodeling. 
Again, while sample size could potentially influence the results, the Fisher’s Exact test 
used is designed specifically for producing accurate results in small samples. However, 
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the small sample size is a product of preservation biases in the MSA cemetery sample of 
67 individuals. These preservation biases may have impacted the demographic 
distribution observed in the skeletal sample of 19 individuals used for the study, thereby 
affecting these results.  
Based on the lack of demographic associations with co-occurring alveolar bone 
loss and reduced bone remodeling in the skeletal sample, there do not appear to be 
similarities between co-occurring markers in the skeletal sample and pellagra mortality in 
the death-by-discharge records sample. Because of preservation biases affecting size of 
the skeletal sample as well as identification of skeletal markers and age estimations, 
however, no definitive conclusions can be drawn about the markers’ association with 
pellagra. Hypotheses 5a, 5b, 5c, and 5d, the results of which are discussed in the next 
section, further explore this apparent lack of similarity between the co-occurring markers 
and pellagra. 
Research Question 5 
The results of testing Hypotheses 5a, 5b, 5c, and 5d are varied. The frequency of 
co-occurring markers in the skeletal sample is statistically similar (p>0.05) to the 
frequency of pellagra mortality in the patient records sample overall (Figure 4.8), for all 
duration periods under 10 years (Table 4.6), and when broken down by age cohorts 
(Figure 4.17). Co-occurrence and pellagra mortality are significantly different (p<0.05), 
however, when broken down by sex. Thus, the frequency of co-occurring skeletal 
markers seems to be similar to the frequency of recorded pellagra mortality and follows 
the demographic pattern of pellagra mortality for age, but not for sex. A potential, and 
parsimonious, interpretation is that co-occurring skeletal markers are not consistently 
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associated with pellagra at a statistically significant level and, therefore, may not be 
indicative of it, especially when considering sex distribution. It is currently inconclusive 
as to whether or not co-occurrence of alveolar bone loss and reduced bone remodeling in 
the MSA skeletal sample is indicative of pellagra. 
Since sex distributions fall out of the pattern of similarity between co-occurring 
markers and pellagra, unlike age and duration in the asylum, this result should be 
discussed more closely. As was noted previously, 100% of the skeletons with co-
occurring markers are male, although there is no statistical relationship between co-
occurrence and sex, while 65% of pellagra mortality in the records derives from females 
and only 35% are males (Table 4.3). This supports the statistical difference between the 
samples, possibly suggesting that the markers are not indicative of pellagra in the MSA, 
at least relative to sex. It could alternately suggest that the markers could be indicative of 
pellagra and that the lack of association by sex is due to the osteological paradox: 
because young females were more likely to die of pellagra more quickly in the MSA, 
they succumbed to pellagra before alveolar bone loss and reduced bone remodeling were 
able to form in the skeleton. 
These results could also potentially be explained if the overall sex and age 
distribution of each sample is different, which could affect how the frequencies of 
markers and pellagra mortality are compared relative to each demographic. If one sample 
has a larger percentage of males or females compared to the other, the frequency of co-
occurring markers (or pellagra mortality) may be skewed towards the larger demographic 
group. Comparisons of those frequencies between samples with different demographic 
distributions, then, may not be accurate, especially if the skeletal sample experienced 
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preservation biases that affected its demographic makeup. A comparative demographic 
profile of each sample is presented in Figure 5.3, showing very different demographic 
distributions: the differences in sex and age of the samples are dramatic, although more 
males and individuals younger than 50 years are present in both samples.  
 
Figure 5.3 Demographic profiles of the MSA patient records sample and the MSA 
skeletal sample. 
 
Fisher’s exact tests, however, determined that the differences in sex and age 
distributions between each sample were not statistically significant; instead, the 
demographic distributions of each sample were similar in a statistically significant way 
(Figure 4.11 and Figure 4.15). These results suggest that the lack of association between 
co-occurring markers and pellagra mortality relative to sex and their similarity relative to 
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age are not biased due to differences in demographic distribution of the samples 
themselves. 
The comparison of the rate of co-occurring markers with each period of duration 
indicates that co-occurrence in the skeletal sample is similar in a statistically significant 
way to pellagra mortality rates in the MSA until durations within the asylum of over 10 
years. Pellagra mortality in the records, however, declines dramatically after a duration of 
one year, not 10 years (Table46.3). It is not intuitive to conclude that the frequency of co-
occurring markers in the skeletal sample is statistically similar to pellagra mortality rates 
of both 56.4% (one month to one year) and 15.2% (one year to 10 years).  
Fisher’s Exact tests, however, accounted for the small size of the skeletal sample 
when it was compared to the death-by-discharge records sample. The p-values for 
pellagra mortality each period of duration in the asylum under 10 years compared to co-
occurring markers in the skeletal sample follow the pattern of pellagra mortality rates for 
each period of duration as well (Table 4.6). Even though all indicate statistical similarity, 
they vary in strength of similarity across each duration period. Most significantly, 
p=0.805 when comparing the skeletal sample to the 1 month to 1 year duration period, 
indicating strong similarities, but only indicates slight similarities (p=0.081) when 
comparing samples for the duration period between 1 year and 10 years. So while the 
frequency of co-occurring markers and the frequency of pellagra mortality are similar in 
a statistically significant way until durations of over 10 years, they become much less 
similar after duration periods of 1 year. These results potentially suggest that co-
occurring alveolar bone loss and reduced bone remodeling are associated with pellagra.  
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Once again, however, there may be problems with the comparison between the 
skeletal sample and the death-by-discharge records related to the chronological skewing 
of the records: the years 1924 through 1936 make up only approximately four percent of 
deaths in the records and only account for approximately two percent of pellagra deaths. 
When compared to reported mortality and pellagra mortality in the MSA’s biennial 
reports, this pattern is not representative of mortality for these years, which the skeletal 
sample dendrochronological dates fall within. The inconsistency between the records and 
the biennial reports enforces the need to use caution when associating the co-occurring 
markers in the skeletal sample to pellagra mortality in the records, further contributing to 
the study’s inconclusive results. 
Primary Research Question 
The overarching research question driving this study is: does the MSA skeletal 
sample contain skeletal markers known to be more frequent and severe in pellagrins that 
can be related to pellagra mortality in the MSA’s death-by-discharge records? The 
answer is inconclusive. In some cases, specifically overall, relative to age, and relative to 
duration within the asylum, the skeletal markers used (co-occurring alveolar bone loss 
and reduced bone remodeling) can be related to pellagra mortality. Relative to sex 
demographics, however, which are demonstrated in the death-by-discharge records to 
have a significant impact on pellagra mortality, the co-occurring markers cannot be 
statistically associated with pellagra mortality. As a result, it cannot be concluded 
whether or not co-occurring alveolar bone loss and reduced bone remodeling is 




CONCLUSION AND FUTURE STUDIES 
The co-occurrence of alveolar bone loss and reduced bone remodeling in the 
skeleton may or may not indicate pellagra. After establishing demographic patterns of 
pellagra mortality from the MSA death-by-discharge records sample and of co-occurring 
markers in the MSA skeletal sample, which did not appear to be similar, the samples 
were compared using Fisher’s Exact tests in order to see if the co-occurring markers 
identified in the skeletal sample could be similar in a statistically significant way to 
pellagra mortality. The patterns and frequencies of co-occurrence and pellagra mortality 
are similar when considering some factors, including age and duration, but are different 
relative to sex, leading to the conclusion that the markers may or may not be associated 
with pellagra mortality.  
While this study provided no definitive conclusions as to whether the specific 
combination of alveolar bone loss and reduced bone remodeling in the skeleton can be 
associated with pellagra, it hopefully provided some guidance for future studies pursuing 
the same question of identifying pellagra in the skeleton. A larger skeletal sample 
containing more than 19 individuals with more complete associated records detailing 
high rates of pellagra cases and/or mortality, if not antemortem clinical diagnoses of 
pellagra, should be used to achieve more robust results. If further excavations take place 
at the MSA cemetery to recover more individuals, they should be included in any future 
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study of possible skeletal markers of pellagra in the MSA samples; additionally, the study 
should be updated in the future as more death-by-discharge records are transcribed to 
provide a more accurate comparison between skeletal and records data. Future studies 
may also want to include periosteal lesions on the lower limb as an additional skeletal 
marker to analyze, since Paine and Brenton (2006b) describe its high occurrence in 
pellagrins but preservation limitations in the skeletal sample prevented their use in the 
current study.  
Understanding from this study that co-occurring alveolar bone loss and reduced 
bone remodeling may be associated with pellagra relative to age, identified from the 
MSA death-by-discharge records as being associated with higher odds of pellagra 
mortality at younger ages, may lead to further investigations of these markers in other 
bioarchaeological samples. Although reduced bone remodeling is identified using 
destructive histological analysis, future studies might use a combination of non-
destructive radiography and micro computed tomography to acquire detailed information 
on cortical bone area, which can be linked to bone remodeling rates and is demonstrated 
to be smaller on average in pellagrins (Paine and Brenton 2006b). It may be possible to 
conduct future studies on prehistoric agricultural bioarchaeological samples using 
alveolar bone loss and cortical bone area to potentially use pellagra as a differential 
diagnosis, as Klaus (2015) did using all of Paine and Brenton’s (2006b) reported skeletal 
markers. If future studies are able to identify markers directly associated with pellagra in 
the skeleton, the research and results presented in this study regarding demographic 
associations with pellagra based on gender behavior and biological factors will help 
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provide contextual interpretations as to why pellagra occurs and why specific 
demographic distributions of the disease are observed.  
Using documented pellagra mortality in the MSA death-by-discharge records 
sample, primary sources, and current discussions on the sociocultural and biological 
settings surrounding pellagra, this study was able to gain a better understanding of how 
age and sex affect an individual’s odds of developing and dying of pellagra. It was 
demonstrated that females of younger ages were almost three times as likely to die of 
pellagra, most likely as a combined result of gender roles in the home regarding food 
acquisition, distribution, and consumption and of a heightened biological risk relative to 
estrogen levels. While this study was conducted on early 20th century asylum patients in 
the American South, these results could potentially contribute to an understanding of 
pellagra risk in modern refugee communities that have developed as a result of violent 
conflicts. Individuals who are more likely to give up the best and most varied foods to 
feed family members as a result of their cultural expectations, possibly related to gender 
roles, may experience greater odds of developing pellagra if their diet is not 
supplemented. Additionally, younger females have higher levels of estrogen, which 
impacts the body’s ability to convert niacin from tryptophan stores, further increasing 
their odds of developing pellagra in the context of niacin and tryptophan deficient diets. 
Understanding these risks related to cultural behavior and biological characteristics 
relative to sex and age may help relief programs increase their focus on pellagra 
prevention and dietary supplementation on individuals potentially more at risk. 
While the results of the study did not provide conclusive evidence that co-
occurring alveolar bone loss and reduced bone remodeling in the skeleton is associated 
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with pellagra, they did provide guidance for future studies on identifying pellagra in the 
skeleton in addition to providing a better understanding of gender, sex, and age risks for 
pellagra in the context of the MSA. These results may be applied in other contexts where 
pellagra occurs. Pellagra’s association with corn, monotonous diets, poverty, social 
marginalization, and cultural behaviors make it a unique disease to study; it can be used 
to understand underlying social, cultural, and biological contexts that contribute to its 
development. Additionally, studying the MSA cemetery sample and death-by-discharge 
records provided a more nuanced understanding of the conditions within the asylum as 
well as conditions that may have led to institutionalization, both of which contributed to 
patient mortality, pellagra or otherwise. This study not only worked towards identifying 
markers of pellagra in the skeleton, but it also worked to shed light on conditions in the 
MSA that patients were subject to, contributing to anthropology’s, bioarchaeology’s, and 
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Age Estimates from the Femur  
 
Table A.1 Age estimates from femoral sections  
Burial 
Histological 




































































Estimates calculated following methods developed by Kerley (1965) and regression 
equations developed by Kerley and Ubelaker (1978). Histological factor counts and 





Table A.1 (continued) 
Burial 
Histological 


























1.46 54 42-66 
% Lamellar 
Area 














31.48 9 0-21 
% Lamellar 
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2.87 50 38-62 
% Lamellar 
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6.56 40 28-52 
% Lamellar 
Area 
14.79 51 38-64 
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Table A.1 (continued) 
Burial 
Histological 


























4.45 45 33-56 
% Lamellar 
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8.81 35 23-47 
% Lamellar 
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5.92 42 30-54 
% Lamellar 
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2.20 52 40-64 
% Lamellar 
Area 
7.06 63 50-75 
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Table A.1 (continued) 
Burial 
Histological 


























15.18 23 11-35 
% Lamellar 
Area 














12.14 29 16-40 
% Lamellar 
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12.69 27 15-39 
% Lamellar 
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18.03 19 7-31 
% Lamellar 
Area 
32.85 29 16-41 
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Table A.1 (continued) 
Burial 
Histological 


























4.60 45 33-57 
% Lamellar 
Area 














7.34 38 26-50 
% Lamellar 
Area 












Age Estimates from the Rib 
 
Table A.2 Age estimates from rib sections  
Burial Histological Factor Factor Count Age Point Estimate Age-range Estimate 
1 OPD 9.599 30 5-54 On.Ar. 0.033 
3 OPD 12.326 22 0-47 On.Ar. 0.050 
4 OPD 13.019 33 9-58 On.Ar. 0.035 
6 OPD 17.548 48 24-73 On.Ar. 0.022 
7 OPD 13.178 25 1-50 On.Ar. 0.046 
28 OPD 15.973 31 7-55 On.Ar. 0.04 
30 OPD 14.270 42 18-67 On.Ar. 0.024 
32 OPD 10.781 22 0-47 On.Ar. 0.047 
33 OPD 14.377 35 11-59 On.Ar. 0.034 
34 OPD 14.955 38 14-62 On.Ar. 0.031 
37 OPD 11.253 23 0-48 On.Ar. 0.046 
38 OPD 14.766 40 16-64 On.Ar. 0.028 
39 OPD 11.077 35 11-59 On.Ar. 0.028 
46 OPD 10.459 26 2-51 On.Ar. 0.04 
48 OPD 10.137 33 9-58 On.Ar. 0.029 
64 OPD 12.764 24 0-49 On.Ar. 0.047 
Estimates calculated following methods and regression formula developed Cho et al 
(2002). OPD and On.Ar. values are derived from two rib sections. Age ranges calculated 
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